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Abstract: Building information modeling (BIM) through data-rich digital representation has revolu-
tionized the architecture, engineering, and construction (AEC) industry. BIM implementation in the
AEC industry has noticeably increased over the last decade. Various BIM roles have been discussed
in the literature to ease the process of BIM implementation, but the BIM roles related to project
delivery methods have not been standardized. Stimulated by this need, this study develops a BIM
roles and responsibilities matrix (BIM-R&R) in the context of the design—bid —build (DBB) projects
for developing countries. A comprehensive literature review has been conducted, followed by a
questionnaire survey comprising 105 responses. The results were analyzed to formulate a BIM-R&R
matrix, on which the expert opinion was obtained from the BIM experts. The proposed BIM-R&R
matrix describes all the roles and their corresponding responsibilities required along the project life
cycle phases of DBB projects. The incorporation of BIM roles in the DBB procurement process will
aid in the efficient management of all information and data that may be lost due to the fragmented
nature of DBB. BIM roles with enhanced communication and coordination will also help in reducing
time and cost overruns while maintaining a high-quality product. This study helps the associated
construction industry in its efforts to implement BIM on their projects by providing a method by
which to assess which BIM roles are necessary. Moreover, it will provide project and construction
managers with a clear understanding of the BIM roles in DBB projects.

Keywords: building information modeling (BIM); BIM roles; BIM responsibilities; roles and
responsibilities matrix

1. Introduction

The construction industry is characterized by uncertainty due to the intricate nature
of its projects [1]. To deal with the increasing intricacy of construction projects, adopting
new and emerging technologies, specifications, contracting, and delivery methods have
become essential [2]. Building information modeling (BIM) is among such promising
technological developments that have the potential to address the challenges of the con-
struction industry [3]. BIM provides a set of technologies and solutions aimed at improving
interorganizational collaboration [4], enhancing construction quality [3,5,6], safety [6,7],
sustainability [5,6], and efficiency [6,8]. In addition, BIM results in increased productivity
and better design, construction, and maintenance practices [4]. Overall, BIM is a process
integrated with software that influences organizational practices [9]. Comprising all the
graphical and non-graphical data, BIM ensures integrating information, data management,
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simulations, and analysis efforts for enhanced coordination and communication among
project members [10].

Recently, BIM implementation has noticeably increased in developed countries [11,12].
Compared to other countries, the US and the UK are leading BIM adoption [13]. The
adoption rate of BIM in the UK was 13% in 2011 and has increased to 69% by 2019 [11].
BIM implementation in Singapore stands at 50% [14]. In Germany, the adoption rate of BIM
has reached 90% [12]. To adopt and implement BIM, international BIM specifications like
publicly available specifications [15] and international organization for standardization [16]
have been developed to provide specific guidance on project delivery.

Similarly, the BIM knowledge and skills framework developed by the Australian
Construction Industry Forum (ACIF) provides information on the necessary skills and
education for BIM implementation [17]. Likewise, several guides have been created that
define the key BIM roles required for successful BIM implementation [18-21]. As an
example, the New Zealand BIM handbook incorporates the role of the BIM manager [20].
At the same time, BIM-Belgian Guide for the construction industry outlines the role of the
BIM process manager and BIM discipline manager [18]. Similarly, Hong Kong BIM project
specification indicates BIM project manager as an important role [19]. Furthermore, each
guide has developed BIM roles according to their specific usage. However, no similar BIM
role title is used in the abovementioned guides. Furthermore, an important role of the BIM
modeler is also missing in these guides.

Despite being adopted rapidly in developed countries [22,23], developing countries’
construction industry faces challenges in BIM implementation [5,22]. Among the major
challenges involved, rigid traditional work processes [10,22,24], insufficient knowledge of
work practices [10,25], and extensive financing in guidance and skill needed for BIM [10,22]
are common. Another key challenge is the insufficient understanding of the BIM roles and
responsibilities (BIM-R&R) in the construction industries of developing countries [3,10].
Consequently, developing countries are unaware of the relevant BIM-R&R on projects.
Furthermore, most developing countries use traditional project delivery methods such
as design-bid-build (DBB) instead of adopting new methods [26]. Traditional delivery
methods make it harder to deploy BIM because BIM-R&Rs are not defined. Thus, stan-
dardization of BIM-R&R for DBB will help better understand BIM actor roles, providing
a clearer definition regarding who performs what task and who is responsible for what
activity on the project. This will eventually help identify the appropriate BIM personnel
for BIM-enabled projects. Consequently, this can be extended to other project types in
developing countries.

Worldwide, BIM implementation has caused a change in customary project roles and
positions [27]. For example, in BIM-based projects, the client needs to focus their efforts on
establishing the BIM process and ways to use BIM while the contractor develops digital
models by using BIM tools [28]. Similarly, the architect’s role is also affected due to the use
of lifecycle management principles in the design process [29]. Moreover, BIM deployment
has also resulted in new work practices, roles, and responsibilities [30]. Accordingly, new
roles such as BIM manager, BIM coordinator, model manager, BIM modeler, and BIM
technicians have been created.

Several studies have been conducted in the past on various BIM roles. Following a
thorough literature review, several BIM-related roles like BIM manager, BIM facilitator,
BIM modeler, modeling specialist, etc., were summarized in a study by [31]. Sebastian [29]
stressed the need for a model manager as the new role within a BIM project, to provide and
maintain the technological solutions required for BIM process, manage the information
flow, and help stakeholders to improve their information technology skills. Similarly,
Bosch-Sijtsema and Gluch [32] discussed the roles and actions of the BIM coordinator and
the BIM manager in the Swedish construction industry to support the use and implemen-
tation of BIM. Another corresponding study analyzed various online BIM jobs in which
35 different BIM-related job titles were found to have distinct responsibilities [33]. Fur-
thermore, Davies et al. [34] explained how the BIM actor roles are defined in different BIM
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guides and handbooks. Overall, the literature has been highly encouraging on establishing
new positions such as BIM manager, BIM coordinator, BIM modeler, and BIM strategist [30].
These BIM actors can be part of the client, architect, and contractor firms [3,35]. BSI PAS [15]
highlights multiple new roles and their responsibilities for information management, such
as task information manager, task team manager, interface manager, and information orig-
inator. BIM roles are evolving [27], and numerous BIM titles are available nowadays in
different countries [36]. This shows a difference in the development and definition of BIM
roles in the industry across countries [30].

Furthermore, BIM-professional roles are being implemented in the AEC industry
as envisaged by [34]. However, these newly developed BIM-R&R are contrasting and
indistinct, and the BIM professionals’ role description needs to be standardized for holistic
adoption [30]. This variation regarding BIM roles causes vagueness and confusion in project
teams and organizations [34]. In an attempt to observe the changes that BIM brings in
an organization in developing countries, such as the Brazilian construction industry, de
Almeida and de Brito [37] indicates that for adopting new technology, a new BIM role
such as a BIM manager should be appointed to avoid difficulty in its implementation. The
Malaysian building industry’s BIM project guide proposes appointing a BIM manager to
handle and manage the associated information [38].

Similarly, Hafeez [39] discussed that no role and responsibilities are defined in the
employer’s information requirements (EIR) for construction projects in Qatar. Nevertheless,
it can be observed from the abovementioned studies that the role of the BIM manager
is primarily identified for developing countries, and the responsibilities of this role are
yet to be defined. This helps conclude that the empirical research on BIM roles, tasks,
and perceived responsibilities in the AEC industry is lacking in developing countries,
particularly with the traditionally used project delivery methods.

To address this gap for developing economies, the present study aims to define the
BIM-R&R in traditional project delivery methods, commonly used in most developing
economies, i.e., DBB. Research objectives that form the basis of this research study are:

1. toidentify and analyze the existing BIM-R&R for developing countries;
2. to determine the BIM-R&R for DBB projects in developing countries; and
3. todevelop a matrix for the adoption of relevant BIM-R&R in developing countries.

This research paves the way for BIM adoption in developing countries by providing
clarity for the developed BIM roles and their corresponding responsibilities on a project
during its lifecycle. This study will help the associated construction industry in its efforts
to implement BIM on their projects by assisting them in their practices. This study will
provide the construction industry with a method to assess which BIM roles are necessary
for projects. Moreover, it will give project and construction managers a clear understanding
of the BIM roles on projects.

The BIM actor roles have been discussed in previous studies, either as a review or such
roles are defined differently depending upon the industry, region, and country. Similarly,
BIM guides are established by the developed economies in accordance with the particular
BIM use by the relevant authority for the state or specific projects. Moreover, no study has
empirically compiled all the roles employed in a project, nor has any study compiled BIM
roles specific to a certain delivery method. Furthermore, no research has been conducted
on BIM’s role in developing countries. BIM is gaining interest in developing economies,
but they lack the idea of roles and responsibilities associated with BIM. Thus, to close the
gap, this study provides BIM-R&R for prevalent project delivery methods in developing
countries, which speaks to the novelty of this study.

The rest of the paper is organized as follows. The importance of roles and responsi-
bilities in the construction industry and the roles and responsibilities associated with BIM
are discussed in light of the literature and past research in the following section. This is
followed by the description of the methodology used, the demonstration of results from
the questionnaire survey responses and validation, and the conclusion.
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2. Literature Review
2.1. Importance of Roles and Responsibilities in the Construction Industry

Construction projects involve unique and complex processes [40]. Within a project,
each activity necessitates a different level of managerial focus and skillsets [41]. The
project’s intricacy also increases due to the involvement of different parties and stakehold-
ers who must effectively communicate to achieve the overall project objectives [42]. Thus,
the complex construction project delivery comprises various disciplines and roles [29].
Similarly, distinct roles and responsibilities of the project teams are required at each phase
of the project lifecycle [43]. A clear definition of the roles and duties of a project team is vital
to avoid problems and conflicts and ensure project success through greater collaboration
and openness [40,44]. Anantatmula [45] proposes that well-defined roles and responsi-
bilities pave the way for building teamwork, managing conflicts, and improving project
performance. According to Hoda and Murugesan [46], effective project team management
requires understanding team members’ roles and outlining responsibilities.

Studies show that clearly defined roles and responsibilities of the construction project
team significantly impact project outcomes and performance [45,47]. This highlights that
unclear roles and responsibilities can lead to conflicts and failure to meet the client’s require-
ments, ultimately resulting in project failures [48]. Furthermore, Masengesho et al. [49]
highlight the roles and responsibilities of project consultants in developing economies
that influence the project’s success or failure. Additionally, the project manager’s role is
important in achieving the project’s success [50,51]. However, this role is still ambigu-
ous in developing countries [52]. Thus, it is not surprising to see many projects failing
in developing countries due to improper allocation and understanding of project roles
and responsibilities.

2.2. Design-Bid-Build Project Delivery

The traditional delivery method, design-bid-build, typically entails a process whereby
design and contractor teams enters into a separate contract with the client to carry out
the design and construction work, respectively [53]. In DBB, each task is completed one
after the other without any overlap [54]. By using the competitive bidding, DBB exhibits
the better cost performance [55] and is preferred over other delivery methods because of
its higher productivity and lower cost [56], and the client’s desire to keep control of the
project [55]. However, because of the fragmented approach of the design and construction
phases, problems such as design and information issues, cost overruns, and poor project
performance can be avoided by using BIM because all the project participants can easily
share and reuse various information owing to BIM [57]. In addition, BIM has also helped
in minimizing the design change orders and delivering better design [24].

2.3. Building Information Modelling in the Construction Industry

Organizations are increasingly turning toward BIM to improve project performance [28].
Due to its integrated design, construction, and maintenance approach, BIM provides sim-
pler solutions to the complex nature of construction projects [58]. BIM incorporates multiple
aspects, disciplines, and structures, making it favorable for most construction stakehold-
ers [7,10]. By using a digital representation of a facility’s physical and functional properties,
BIM helps the users share and use design data and requirements between different software
applications across a multidisciplinary team [4]. Due to the excessive information exchange
between parties, BIM’s support for collaboration has become an important requirement [59].

BIM provides easy sharing and reusing of different types of information between
all project parties [57]. For example, the project team collects, manages, and documents
graphical and non-graphical data through a single information source by using BIM [15].
Sharing the data in a central place makes the expected result clearer, concise, and under-
standable for all the team members [60]. Moreover, establishing collaborative practices
on construction projects are likely to involve the coordination and integration of complex
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information, procedures, and systems [61]. Therefore, BIM allows better communication
among project stakeholders [32] and influences how they work and collaborate [59].

BIM has benefited developing economies by reducing design change orders and
improving design [24]. Al-Ashmori at al. [62] highlighted increased productivity and
efficiency as one of the important benefits of implementing BIM in Malaysia. Similarly,
as [12] discussed, BIM adoption results in increased profit, reduced cost and time, and
improved relationships between the client and customer.

2.4. BIM Roles and Responsibilities

BIM has infiltrated the practices of a large number of interdisciplinary profession-
als [63]. Studies acknowledge that BIM alters project team members’ roles and responsi-
bilities, including that of the client, designers, and contractors [28,29,63]. Another study
highlights that BIM transforms the roles of construction participants due to its significant
impact on collaborative processes by modifying information exchange and instigating
denser interactions [63]. Sebastian [29] also discussed that the BIM projects demand the
continuous emergence of BIM roles for construction professionals and highlight the need
to evolve the roles among clients, designers, and contractors.

In addition to evolving with technology, new BIM-R&R have also been established
within the construction industry [3]. Jacobsson and Merschbrock [6] state that the appear-
ance of formal BIM professional roles was among the preliminary and noticeable changes
observed due to the initiation of BIM. Owing to the increasing adoption of BIM within the
construction industry, numerous BIM-related roles have emerged, such as BIM manager
(VDC manager), BIM facilitator, BIM coordinator, BIM project manager, design team BIM
manager/construction BIM manager, project model manager, BIM process manager, BIM
lead coordinator, BIM discipline manager [34]. However, [64] states that the BIM manager,
BIM coordinator and BIM modeler roles are considered as the three most important BIM
roles required on a BIM-based project, in addition to the numerous BIM roles available.
These newly formed roles and responsibilities ensure the organization’s transformation to
BIM-based methods and BIM-enabled projects [3].

The US Veterans Affairs BIM Guide [21] defines BIM manager and discipline BIM
coordinator’s responsibilities. It indicates that these roles are at the core of every BIM project.
Similarly, the Singaporean BIM guide [65] emphasizes that two BIM professional roles, BIM
manager and BIM coordinator, are recognized for facilitating the BIM process during the
design and construction phases. The Norwegian Home Builders’ Association acknowledges
the BIM coordinator as a key BIM role [66]. BSI PAS [15] defines the roles of task information
manager, task team manager, interface manager, and information originator for BIM-based
information management. Furthermore, the information manager role is also mandated in
the Construction Industry Council BIM protocol. Information management is important
in the level 2 BIM process [67]. Similarly, BIM roles of BIM manager, BIM coordinator,
and BIM modeler are also recognized by [42] for improving the stakeholders’ relationship.
Furthermore, Bilge and Yaman [68] explained the significance of information management
in BIM and integrated project delivery (IPD) real estate projects. The authors defined the
extended responsibilities of the information manager and information coordinator along
the project lifecycle.

Though widely focused these days, BIM roles may not be as clear as needed so far.
For example, Mathews [36] claimed that the industry is confused about the meaning and
interpretation of three BIM roles, i.e., BIM manager, BIM coordinator, and BIM technician.
Similarly, Davies et al. [34] studied how BIM specialist roles are defined in different BIM
guides, handbooks, manuals, and standards. The study concluded that similar BIM role
titles are used to describe different tasks within the project teams, which causes confusion.
Other studies show that BIM manager and BIM coordinator roles are blurred, and their
tasks are comparable [27,30,32]. Likewise, Zanni et al. [69] indicates that clash detection
will be the responsibility of either the BIM manager or BIM coordinator, creating tensions
between these roles. Jacobsson and Merschbrock [6] highlight that the BIM coordinator
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is mainly responsible for clash detection. However, Davies et al. [34] states that the BIM
coordinator role is secondary and is led by the BIM manager.

Similarly, whether the BIM coordinator acts as a third party or comes from a design or
construction firm, the unique and dedicated role in managing BIM projects is becoming
necessary for most projects [59]. Furthermore, Wang et al. [42] noticed that the responsibil-
ities of a BIM modeler are comparable to those of a BIM coordinator. In the information
management domain, Bosch-Sijtsema [70] states that BIM facilitators manage the infor-
mation and communication flow. However, Jacobsson and Merschbrock [6] state that
the BIM coordinator is mainly responsible for managing information and communication
flows. In comparison, BIM documents emphasize that the information manager is required
for information-related activities [15,67]. Thus, there exists a fair confusion between the
responsibilities of different BIM roles.

Different interpretations of identical roles are visible depending on the standards
followed in each scenario [34]. With the increase in BIM-based projects, BIM-based roles and
titles have also increased, which has resulted in increased nomenclature. However, there is
still an ambiguity in the industry about the meaning and description of the discussed BIM
roles. With so many different positions held by the diverse participants, it has become very
important to define BIM roles for successful BIM implementation in the AEC industry [34].

This confusion around the BIM roles may further jeopardize the developing countries’
construction industry, where stakeholders’ clashes and imbalanced responsibilities assign-
ments are common. Moreover, the lack of awareness regarding BIM-R&R in developing
countries further adds to the adversities of the failures of BIM-based projects. The increase
in BIM-based projects in developing economies necessitates a thorough understanding of
the BIM roles. Therefore, BIM roles and responsibilities must be studied and investigated
in the context of developing countries providing impetus to this study.

3. Research Methodology

A three-step process has been adopted in this study, as displayed in Figure 1. The
subsequent sections thoroughly explain the research methodology.

-§' BIM Guides,
77 Published Articles \dentification of Standards &
;2 BIM Tasks & Roles Handbooks
L] P

‘ \ 4
Developement of
Questionnaire

)
J’

& Analysis

Data Collection

Validation of BIM
R&R Matrix form
BIM Experts

\ 4

x
=i
© @
=E
i)
x 9
3
S
[aa]

Development of
BIM R&R Matrix

Figure 1. Research methodology.
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3.1. Identification of BIM Tasks and Roles

To address the research gap and identify the BIM-based roles and responsibilities, a
two-step literature review was carried out. In the first step, the BIM guides, standards,
and handbooks were searched online on Google & Microsoft Bing search engines by using
the keywords “BIM guides”, “BIM standards”, “BIM Handbooks” and “National BIM
guides/standards/handbooks” until the present. The idea was to gather the maximum
data possible for the study. This resulted in a total of 52 retrieved BIM guides/handbooks.
As a screening step, their introduction and contents were read to identify the roles and
responsibilities within, reducing it to 29 relevant documents. In the second step, published
articles were searched online by using keywords including “Building Information Mod-
elling”, “BIM”, “BIM roles”, “BIM responsibilities”, “BIM professional roles” and “BIM
tasks” by using the ASCE, Web of Science, and Scopus libraries, Science Direct, Google
Scholar, Taylor and Francis Online, and Emerald Insight following [55,71]. The search
strings were formalized by combining the word “construction” with the Boolean operators
AND/OR. The research publications only in the English language were considered in this
study. Initially, 113 papers were retrieved related to BIM roles in the construction industry
from 2010 to 2022, out of which 48 duplicated papers were eliminated and were counted
only once. Furthermore, 25 papers were removed that were not related to BIM roles and
responsibilities and focused on other aspects of BIM roles such as competencies, leaving
37 papers focused on BIM roles. To extract the most relevant papers, the keywords men-
tioned above were used in the search string of articles to look up the discussion regarding
BIM roles and tasks. The papers having information about BIM-R&R were scrutinized
and accessed individually, which resulted in the 26 shortlisted articles being analyzed
further. Therefore, 29 BIM guides and 26 shortlisted research papers resulted in 55 relevant
documents utilized in this study as shown in Figure 2.

l

Google & Microsoft
Bing search engines

l

BIM guides, BIM
standards, BIM
Handbooks, and
National BIM
guides/standards/
handbooks

Keywo;ds Used:

ASCE library, Web of Science
S and Scopus libraries, Science
Identification of 5 ¢
Literature —> Direct, Google Scholar,
Taylor & Francis Online, and
Emerald Insight
Keywords Used: Building S Papers containing information
. Information Modelling, Elimination of .
BIM guides, about BIM-R&R, i.e.,
BIM, BIM roles, BIM papers non-relavent )
standards, and responsibilities, BIM | Relavent Literature
i to BIM roles
handbooks professional roles, BIM N=26
tasks N=25

‘, T

- . Duplicate papers,

Identified Literature Naa8, courited only

N=113

once
v
Identified BIM guides, Relavent BIM
standards, and guides, standards, Identification of BIM Tasks and
handbooks, and handbooks, Roles
N= 52 N= 29

Figure 2. Identification of BIM tasks and roles though literature.

The BIM-based tasks and their roles were extracted from the BIM documents and
the published articles and then scrutinized in two steps. In the first step, extracted tasks
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were arranged alongside the project lifecycle phases used in BIM-based projects: initiation,
planning and design, construction, monitoring and control, and operation and maintenance
as envisaged by multiple BIM studies [9,72-75]. As a result, 555 BIM-based tasks were
identified in five project phases. Upon scrutiny, the identical tasks were merged, resulting
in 125 shortlisted BIM tasks. Depending on their significance, these BIM tasks were then
classified into primary and secondary tasks. The primary category contained more exclusive
tasks in terms of BIM and was performed by BIM personnel. Whereas the tasks and roles
that are part of the project phases, even without BIM implementation, were placed in the
secondary category. This exercise identified 82 BIM tasks in the primary category and
43 tasks in the secondary category.

In the second step, BIM roles were identified for each corresponding task depending
on their frequency of appearance in the shortlisted documents. A maximum of the top
three roles was selected for a task. The same role was selected for the tasks where only
one role was mentioned in the literature. However, the most frequently used (top three)
roles were chosen for the tasks with multiple roles. It was observed that approximately
50 tasks have only one role identified. This was because the tasks have only appeared
once in the literature, or only one role has appeared frequently for that task. All these
identified tasks are important concerning BIM, and it is also important to identify their
correct role in context with DBB. Consequently, the BIM roles were separated for the design
and construction phases considering the DBB project delivery method. All the selected
roles and primary tasks formed the basis for the questionnaire development, as shown in
Table 1.

Table 1. Identified BIM tasks and roles.

Task ID  Project Phases BIM Tasks Top Roles from Literature Selected Refs
Facilitate the development of a project .

T1 BIM brief BIM manager (design) [20]
Define, complete and update the BIM BIM manager (design), BIM

T2 ; . . [3,76]
execution plan coordinator (design)

T3 Identify BIM standards BIM manager (design), BIM 13,77]

coordinator (design)

Facilitate the identification and

B implementation of BIM standards Model manager (351

Initiation BIM dinator (design), BIM
. . coordinator (design),

T5 Define project BIM protocols facilitator (design) [3,78]

T6 Estal?llsh pro].ect information requirement Information manager (design) [68]
and information protocols

T7 Coordinate BIM tasks in design discipline = BIM coordinator (design) [34]

T8 Proylde guidelines to the team on agreed BIM coordinator (design) [34]
project rules

T9 Proylde design guidelines to the team on Model manager [79]
project rules as agreed

T10 Communicate BIM vision to the team BIM manager (design) [80]
Establish asset information requirements

T11 and the process to maintain the asset Information manager (design) [68]
information model

Planning & Design BIM (design), BIM
. . . manager (design),
T12 Coordinate and organize BIM training coordinator (design), BIM [32,81]

and workshops facilitator (design)
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Table 1. Cont.

Task ID  Project Phases BIM Tasks

Top Roles from Literature

Selected Refs

Coordinate modeling standards among

T13 the project team Model manager [79]
Manage all the graphical model
development related tasks and BIM manager (design), BIM
T14 non-graphical model development related  coordinator (design), BIM [30,77]
tasks in accordance with BIM facilitator (design)
execution plan
Create, coordinate & extract design
T15 drawings from BIM models Model manager, BIM modeler [35]
Coordinate all technical discipline and
T16 trade-specific BIM activity, i.e., tools, BIM coordinator (design) [76,81]
content, standards, requirements
Lead the BIM documentation and analysis . .
17 efforts of the internal project team BIM coordinator (design) [21,82]
T18 .Perfor.m .mt.ernal model reviews and Model manager [35]
interdisciplinary checks
Oversee the fully integrated set of project ~ BIM manager (design), BIM
T19 .o . . [42,83]
models from all disciplines coordinator (design)
BIM manager (design), BIM
T20 Coordinate multidisciplinary tasks coordinator (design), [77,84]
Model manager
Planning & Design BIM manager (design), BIM
T21 Assure assembling of merged models coordinator (design), BIM [78,85]
facilitator (design)
Assure and inspect the functionality of
T22 merged models and the integration of the =~ Model manager [79]
design models
Carry out clash detection and BIM anager (dgmgn), BIM
T23 . . coordinator (design), [84,86]
resolution activities
Model manager
T24 Man’age model transfer and BIM manager (design) [20]
version control
Schedule, coordinate, and facilitate BIM .
T25 meetings for the design and construction bBIM anager (dfe51gn), BIM [66,77]
. L coordinator (design)
team as well as all design disciplines
Participate and coordinate in internal
T26 BIM meetings Model manager [79]
Prepare project outputs and revise them
T27 regarding quality assurance (QA) and Model manager, BIM modeler [87]
quality control (QC) protocols
Assist in the preparation of BIM manager (design),
T28 . ) . [34,67]
project outputs Information manager (design)
T29 Coordinate with the construction manager BIM manager (design) [84]

on the BIM execution plan
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Table 1. Cont.
Task ID  Project Phases BIM Tasks Top Roles from Literature Selected Refs
T30 Create BIM execution plan in coordination =~ BIM manager (construction), [82,88]
with the design team BIM coordinator (construction) ’
Establish software protocols for efficient .
T31 BIM delivery BIM manager (construction) [21,77]
T32 Coordinate software training BIM manager (construction) [21,77]
Coordinate sub-contractor .
T33 BIM development BIM manager (construction) [82]
Integrate and coordinate the construction .
T34 schedule with developed models BIM manager (construction) [84]
Integrate 3D fabrication models with the .
. BIM manager (construction),
T35 updated design model to ensure BIM facilitator (construction) [78,82]
Construction compliance with the design intent
T36 Carry QUt clagh ‘d'etectlon and BIM manager (construction) [82,84]
resolution activities
Schedule, coordinate, and facilitate BIM BIM manager (construction),
T37 meetings for the design and construction =~ BIM coordinator (construction), [77,89]
team and all design disciplines BIM facilitator (construction)
T38 Upda.te models for shop BIM coordinator (construction) [82,89]
drawings development
T39 Create construction and as-built models BIM coordinator (construction) [65]
T40 Prepare as-built BIM Model manager [29]
. . BIM manager (construction),
T41 Coordinate data extraction sets BIM facilitator (construction) [77,78]
Ta2 Coordinate model commissioning and BIM manager (construction) 82]
data handover
BIM manager (design), BIM
Implement and manage the BIM process, manager (construction), BIM
T43 . . . [35,84]
i.e., the BIM execution plan manager (design
and construction)
Participate in the updating of the
T44 BIM plan Model manager [79]
. . BIM manager (design and
T45 Ensure. compliance with the BIM construction), BIM coordinator [34,77]
execution plan . .
(design and construction)
Monitoring & BIM manager (design), BIM
T46 Control Ensure compliance with standards coordinator (design), Task [15,87]
information manager
T47 Ensure BIM protocols implementation BIM coor.dmator (design), . [3,67]
Information manager (design)
Verify that all necessary configurations
required for the seamless integration of .
48 design and construction model BIM manager (design) [77,82]
information have been implemented
Ensure the accuracy of construction
T49 documents in accordance with discipline ~ BIM modeler [89]
BIM modeling
T50 Ensure document management BIM manager (design) [21,34]
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Table 1. Cont.

Task ID  Project Phases BIM Tasks Top Roles from Literature Selected Refs
. . . BIM manager (design and
T51 Ensure sgftware installation, operation, construction), BIM facilitator [21,34]
and version control . .
(design and construction)
T52 Ensure software operation Model manager [87]
Develop & maintain graphical and
T53 non-graphical models in accordance with ~ BIM modeler [59,90]
the BIM execution plan
BIM coordinator (design and
T54 Monitor model production and updating  construction), BIM facilitator [6,91]
(design and construction)
T55 Manage model production and updating ~ Model manager [35,90]
. . . BIM manager (design and
T56 Br.lef’ assist, and coordinate construction), BIM coordinator [20,42]
with stakeholders . .
(design and construction)
T57 Assist in coordination with stakeholders Model manager [29]
Communicate/Coordinate BIM issues BIM managet (design anq
T58 . construction), BIM coordinator [20,92]
with other members . .
(design and construction)
T59 Manage the BIM resources (hardware, BIM manager (construction) [35]
software, and people)
Ensure BIM is used appropriately to test ~ BIM manager (design), BIM
T60 . . L e ) [78,82]
design requirements/criteria facilitator (design)
Monitoring & Perform and manage the QA and QC BIM manager (design), BIM
T61 . . [34,93]
Control of models coordinator (design)
Look after design discipline-based QA
T62 and QC of models Model manager [79]
Coordinate update of as-built conditions .
T63 in the final model deliverable BIM manager (construction) [21,91]
T4 Adhere ‘to the p.ro].ects BIM deliverables Model manager [90]
and their submission
T65 Ensure 'fmal BIM deliverable requirements BIM manager (design) [21,77]
are achieved
Maintain local file transfers, control of
access lefts, and compilation of
T66 information from smaller models of Model manager [35]
other members
Manage digital outputs, data BIM manager (design), .
T67 .. L. Information manager (design), [94]
transmission, and archiving
Model manager
T68 Facﬂltate, p !a.n, ;?nd manage Model manager [29,35]
interoperability issues
. en . BIM coordinator (design), BIM
T69 Manage interoperability issues facilitator (design) [6,70]
Information manager (design),
. . o Information manager
T70 Enable integration and coordination of (construction), Information [15]

information within the information model

manager (design
and construction)
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Table 1. Cont.
Task ID  Project Phases BIM Tasks Top Roles from Literature Selected Refs
BIM manager (design), BIM
Coordinate to assure completeness of manager (construction), BIM
T71 ) A . ) [21,77]
interoperability information manager (design
and construction)
7 Ensure interoperability information is BIM manager (design), BIM [21,91]
provided for milestone submittals facilitator (design) !
Liaise with the client’s facilities
management department to determine .
T73 specific data and file BIM manager (design) [76]
exchange requirements
Monitoring & Maintain exchange Information
174 . . 3 . [68]
Control information requirements manager (construction)
Initiate and implement the project
T75 information plan and asset Information manager (design) [68]
information plan
Enable reliable information exchange . .
176 through a common data environment Information manager (design) [68]
T77 Manage Fhe processes and prpcedures for Information manager (design) [68]
information exchange on projects
Ensure that the information exchanged
between the different stakeholders .
178 corresponds to the rules fixed by BIM manager (design) (18]
the contract
T79 Archive the project information model Informahgn manager [68]
(construction)
T80 Ensure 1nf9rmat1on a1.1d model availability BIM coordinator (construction) [66]
. for operation and maintenance
Operation & . .
Maintenance Identify assets (model and physical) gnd Information
T81 the foreseeable trigger events for which manager (construction) [68]
information should be managed &
T82 Capture lessons learned for future projects Information [68]

manager (construction)

3.2. Data Collection and Primary Analysis

Data in this research were collected through a questionnaire that was developed by
using the identified BIM tasks and their relevant roles from both the published articles
and BIM guides. The questionnaire aimed to identify BIM roles for the BIM-based tasks in
construction projects using the DBB project delivery method in developing countries.

The questionnaire has two sections. The first section inquires about the respondent’s
demographic and organizational information, such as their role, country of organization,
designation, and experience. The second section identifies the most appropriate BIM
role for each BIM task. For the tasks where more than one role was identified from the
literature, respondents were asked to choose from the given roles or to mention any other
role. However, for the tasks for which only one role was identified through the literature, an
option was given to either select the same role or to mention another deemed appropriate
by the respondents. Thus, the respondents had a choice in selecting the role for each task.
The questionnaire was circulated in the construction industry of developing and developed
economies. The reason for approaching both developed and developing countries is
that developed countries are more experienced in implementing BIM and have a better
understanding of the BIM process. Furthermore, DBB methods are still used for some
projects in developed countries, so their opinion is relevant. It was also important to get
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the point of view from developing countries, as they have begun implementing BIM in
line with the main aim of this study. The targeted respondents from the construction
industry include BIM managers, project and construction managers, BIM coordinators, and
BIM modelers.

Additionally, employees from the consultant and contractor firms were approached
with a minimum of three years of BIM experience for more credible responses. The
questionnaire was circulated online via official organizational emails and professional
networks such as LinkedIn for four months between July 2021 and October 2021. As a
result, 105 valid responses were obtained from the 200 professionals contacted to fill the
questionnaire, yielding a response rate of 52 percent.

Following the statistics mentioned by [95], a sample size of 105 responses was consid-
ered adequate to represent a population of 200 million. The demographic information of
the respondents is mentioned in Table 2.

Table 2. Demographic information of respondents.

Demographic Variables Numbers Percentage (%)
Client 5 5
Design consultant 39 37

S Supervisory

Organization type consultant 3 3
Contractor 28 27
Architect 18 17
Other 12 11
Project manager 2 2
Construction 3 3

. . manager

Role in organization BIM manager 03 41
BIM modeler 21 20
BIM coordinator 28 27
Other 8 7
1-3 28 27
3-6 32 31

Year of experience with BIM 69 23 21
9-12 10 10
Above 12 12 11

The highest number of responses were received from Asia (58%), as shown in Figure 3.
Moreover, the maximum number of responses were received from India in the Asian
continent. Similarly, the top countries from the continents where the majority of responses
were obtained are Egypt from Africa (corner of Africa and Asia), France from Europe,
Canada from North America, Ecuador from South America, and Australia from Oceania.
According to the findings of the [96] study, BIM adoption in Asia is perceived to be
comparable to that of any other developed continent, which confirms the higher response
rate from Asia in this study.

It can be clearly seen in Table 2 that most of the respondents were working with
consultants (40%), followed by the contractor organizations (27%) as they are the primary
stakeholders and are more familiar with implementing BIM. Moreover, BIM manager
(41%) and BIM coordinator (27%) were the key BIM positions held by these respondents.
Thus, the respondents held important BIM positions in their respective organizations.
Furthermore, 34% of the respondents worked in technical BIM jobs like BIM modeler and
management jobs such as project manager and construction manager. Furthermore, 83%
of the respondents had less than 10 years of experience. The main reason is that BIM is a
relatively new technology gaining experience with time [97]. Consequently, most of the
direct BIM experience is expected to be limited [55].
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Figure 3. Demographic information of respondents.

Responses were then analyzed to get the most appropriate BIM role for each identified
BIM task. Each role mentioned by the respondents was analyzed, and the frequency with
which it was identified was noted. The role with the highest frequency was selected for
each task.

4. Matrix Development for BIM Roles and Responsibilities (BIM-R&R)

The collected data was used to develop a matrix for implementing BIM-R&R on a
BIM-based DBB project. To do this, research articles were explored to get an idea of how a
process map for implementing BIM-R&R can be developed. This was done to identify the
key groups and relate them to the tasks in the project lifecycle phases of BIM. It was found
that three project focus groups, i.e., process, people, and technology (PPT), are widely
accepted and help improve the overall organizational efforts [98-100]. The implementation
of new technologies requires considerable changes in the construction process. Therefore, it
becomes crucial to define the process and to hire and train the right people [101]. Dawood
and Vukovic [102] also used PPT to classify BIM information flow during the project
lifecycle processes. Davies et al. [34] also used the same categorization to classify the BIM
activities. These articles assist in getting an idea about how the groups of PPT can be used
to classify BIM tasks. A detailed overview of the PPT groups, project participants, and
tasks associated with different project phases is provided in the Supplementary excel sheet
attached as Supplementary Data to this article.

Following this, a BIM-R&R matrix is developed along the project lifecycle phases by
using the PPT groups, as shown in Figure 4. While categorizing the tasks, it was ensured
that all the tasks were placed in the correct PPT group. The distinct groups along which BIM
tasks are classified are represented horizontally and vertically. Project lifecycle phases are
shown horizontally, and focus groups are shown vertically. BIM tasks are grouped between
the vertical and horizontal categories. Different color combinations are used to distinguish
between different BIM personnel to whom BIM tasks are assigned. These include BIM
manager (design), BIM manager (construction), BIM coordinator (design), BIM coordinator
(construction), information manager (design), information manager (construction), model
manager, and BIM modeler. The task number represents the tasks presented in Table 1,
whereas the coloring represents the BIM person responsible for performing these tasks.
For example, T1 represents task number for “Facilitate the development of a project BIM
brief,” and its color, “light yellow,” shows that the BIM manager (design) will perform this
task. Some tasks were assigned to more than one BIM professional and were placed in
succession to eliminate confusion.
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Figure 4. Proposed BIM-R&R matrix. Please note the different colors correspond to the color of the
BIM roles and responsibilities provided in the legend section under the matrix.

5. Results

This paper presents a matrix to define BIM-R&R for DBB construction projects in
developing countries. The study highlights that the BIM roles have been developed
without uniformity over the past years due to the development of multiple BIM guides.
In contrast, no study has been conducted for applying BIM-R&R to a DBB project in
developing countries. To develop roles for DBB projects, the survey responses in the current
study show that certain roles need to be bifurcated between design and construction teams,
wherein the roles of BIM manager, BIM coordinator, and information manager are prevalent.
The survey results indicate that the BIM manager (design), BIM manager (construction),
BIM coordinator (design), BIM coordinator (construction), information manager (design),
information manager (construction), model manager, and BIM modeler are the key roles
on a BIM project for implementing BIM-based activities.

6. Discussion

According to the results, the BIM managers for design and construction have different
roles, depending on the project phase and the party they represent. The matrix shows
that most of the tasks related to planning and design fall under the responsibility of the
BIM manager (design), whereas the tasks related to execution fall under the responsibility
of the BIM manager (construction). Thus, the BIM manager (design) and BIM manager
(construction) are responsible for certain important managerial tasks such as defining,
completing, and updating the BIM execution plan (T2) and creating the BIM execution
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plan in coordination with the design team (T31), respectively. These findings can be
verified from [76,103], which outlines the BIM manager (design) responsible for defining
the BIM Execution Plan (BEP) for all the planning, design, and supervision activities related
to a project. On the other hand, Florida International University (FIU) [84] assigns the
BEP creation for the project’s construction phase to the BIM manager (construction), who
oversees all aspects of construction. This shows the harmony of the obtained responses
with the published sources.

Similarly, some important technical tasks for BIM managers (design) and (construction)
include overseeing the fully integrated set of project models from all disciplines (T20) and
integrating and coordinating the construction schedule with developed models (T34),
respectively. Most of the technical tasks are identical to the tasks defined in various BIM
guides and articles that fall under the responsibility of the BIM manager [31,83,84,104]. The
results of the current study clarify this confusion by correctly assigning the tasks to the BIM
manager of the design and construction teams.

There were also instances in which a certain task is defined as the responsibility of
differing BIM personnel in the literature. For example, the literature suggests a task for
assisting in preparing project outputs to be the responsibility of the BIM manager [34] or
information manager [105]. Because the responses are provided for DBB projects which
bifurcates the responsibilities of the consultant and the contractor, this confusion is also
negated. Accordingly, most respondents believe it to be the responsibility of the BIM man-
ager (design), which seems logical because the BIM manager will be in a more commanding
position to lead this task. Although the decision of task assignment to different roles lies
with the project stakeholders, this survey will help the stakeholders assign the roles with
more clarity on their projects.

In this study, information management tasks are also divided between the Informa-
tion manager (design) and the information manager (construction). According to [34],
the information manager is responsible for the information requirements of the project.
This is reflected in the findings of the present study as the information manager (design)
and the information manager (construction) are declared responsible for the information
requirements of projects in their respective phase. Furthermore, the results also show that
the information manager (construction) is responsible for archiving the project information
models in addition to maintaining the information requirements during execution. This
result also coincided with the literature, as Bilge and Yaman [68] mentioned this task to be
among the fundamental responsibility of the information manager at the end of the project.

The results further reveal that the BIM coordinator (design) is mostly responsible for
managing graphical and non-graphical activities (T15) along with clash detection of models
(T24). According to [21,69], the BIM coordinator is in charge of these tasks, which aligns
with the current study’s results. Furthermore, the task of a BIM coordinator (construction)
includes the creation of construction and as-built models (T43). Building and Construction
Authority (BCA) [65] while describing the roles of the BIM coordinator (construction), states
that the BIM coordinator (construction) is responsible for these activities, thus supporting
the findings of the current study.

According to the literature, a model manager is responsible for conducting interdis-
ciplinary checks and dealing with internal model reviews and possible interoperability
issues [29]. This is also supported by the survey results, which show broad agreement
among respondents. Furthermore, according to [35,42,89], the tasks such as model develop-
ment and construction drawing development are the responsibility of the BIM modeler,
corresponding to the survey results.

Furthermore, the CIC BIM protocol suggests that the information manager be in charge
of assisting in the preparation of project outputs [105]. The respondents, however, contrarily
believe it to be the responsibility of the BIM manager (design). This makes sense as the task
will be more effectively led by the BIM manager. Additionally, the roles for information
management are also suggested by PAS as being crucial for the project [15]. This study
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includes the information manager role as well, but due to the DBB'’s bifurcated nature, it is
divided into the Information manager (design) and the information manager (construction).

Furthermore, it is observed that in contrast to the literature of developed economies,
where multiple roles such as BIM manager, BIM coordinator, and information coordinator
are identified for tasks such as define, complete, and update the BIM execution plan
(T2), the respondents of the study clearly choose BIM manager (design) for this job in
developing countries. Similarly, for the task of carrying out clash detection and resolution
activities (T23), the literature identifies BIM manager, BIM coordinator, and model manager,
whereas survey respondents select BIM coordinator (design) for DBB projects in developing
countries. Thus, apart from the differences in BIM roles for a task, the study clearly
identifies BIM roles needed for DBB projects in developing economies.

Additionally, due to the human resource challenges, which might be financial or
resource availability, it may be considered that some BIM roles identified in this study can
be merged with the existing roles on the construction project. It is not recommended for
the role of the BIM manager, as it is the sole responsibility of the BIM manager to manage
the entire BIM process. However, other identified roles can be merged, considering that the
person in this role has BIM knowledge.

6.1. Validation of the Matrix through Expert Opinion

To determine the applicability of the proposed matrix, three experts from the industry
with BIM experience were contacted to validate the proposed matrix by using the triangu-
lation technique. Due to the length of the matrix, it was not feasible to conduct interviews.
Experts have to critically analyze the placement of each task in project phases as well as
in PPT. Due to a large number of tasks, the experts were sent a PDF file. The idea was to
ensure the reliability of the validation achieved. Thus, the construction industry experts
having significant experience and an in-depth understanding of BIM were contacted. The
experts approached were informed about the study in detail and the intention of validating
the matrix. After receiving their consent to validate the matrix, the PDF file was provided
to them to give their opinion on it. Accordingly, an expert from one developed and two
developing countries are engaged in the validation. Table 3 shows the demographics of the
consulted experts.

Table 3. Demographics of experts for validating the matrix.

Demographics of Respondents  Expert 1 Expert 2 Expert 3
Organization type Architect Architect Contractor
Country of organization France Lebanon Qatar

Role in organization BIM Manager BIM Manager BIM Manager
Year of experience with BIM 9-12 6-9 3-6

All experts agreed on the placement of the tasks in the project phases and PPT, and
no changes were recommended. Likewise, they also agreed on the roles for each task
assigned through the questionnaire’s responses. However, a few concerns were raised that
are discussed below.

One of the concerns raised by the experts was that no modeling-related BIM modeler
task is present in the construction phase. The modeling-related tasks of the BIM modeler
are present in the monitoring and control phase of the matrix. However, it should be noted
that the monitoring and control phase responsibilities must be carried out during both the
planning and construction phases of the project’s lifetime. Consequently, the initial task is
correct, and its placement was not changed.

Similarly, one of the respondents argued that they have only three roles for BIM
management, i.e., model manager, BIM coordinator, and BIM manager. Therefore, the
information manager role does not exist, and its tasks can be delegated to the BIM manager.
However, it is to be noted that the roles identified in this study are the result of a thorough
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review of the existing literature, and BIM publications stress the importance of having an
information manager in charge of all information-related tasks as supported by relevant
studies in different countries of the world [15,67]. Such requirements are more pronounced
in developed countries where information management is considered a high-priority
task. Therefore, such a position is retained in the current study to have a holistic matrix.
Moreover, one respondent recommended the representation of the proposed BIM-R&R in
the form of a matrix. The said BIM-R&R matrix is developed to address this suggestion,
and its expansion is provided in the Supplementary File with this article.

6.2. Study Implications and Contributions

This study has proposed a BIM-R&R matrix that will explain all the BIM roles and
responsibilities required for the DBB project delivery methods along the project life cycle
phases of BIM in construction projects of developing countries. The BIM-R&R matrix will
help with a better understanding of BIM actor roles, providing a clearer definition regarding
who performs what task and who is responsible for what activity on the BIM-based project.
Moreover, the BIM-R&R matrix will eventually help in identifying the right and appropriate
BIM personnel for BIM-enabled projects. Furthermore, this matrix will assist managers in
training their employees for the required role, if necessary.

7. Conclusions

Worldwide, BIM implementation has not only caused a change in traditional project
roles and responsibilities but also has created new BIM roles on BIM-based projects. With
the increase in BIM implementation in developed economies, multiple BIM roles have been
created to address the BIM process. To systematize the contrasting and indistinct BIM-R&R
description, this research investigated how BIM roles are defined in the literature and policy
documents. This study highlights the BIM roles required for successfully implementing
BIM on DBB projects, which will help developing countries better understand the BIM
roles and implementation. Insights on what BIM tasks are performed by which BIM roles
were gained through the questionnaire survey.

The survey results help selects appropriate BIM roles for the BIM tasks. The BIM
roles identified through this study are BIM manager (design), BIM manager (construction),
BIM coordinator (design), BIM coordinator (construction), information manager (design),
information manager (construction), model manager, and BIM modeler.

The current study humbly attempts to uplift the BIM implementation status in devel-
oping countries by providing a definition and matrix to assign tasks to different BIM experts
and roles in DBB projects. It will help the relevant construction and project managers assign
tasks, duties, and responsibilities to the BIM professionals and achieve more stakeholders’
satisfaction through transparent, clearer, and well-defined information-sharing mechanisms.

The current study is limited by its number of respondents, more focus on developing
countries, and a single type of project delivery (DBB). In the future, this can be extended
to include other more advanced and collaborative project types such as public—private
partnerships, alliances, and joint ventures. In addition, this study examined BIM guides and
articles along with survey data. Furthermore, researchers can conduct detailed interviews
with the field BIM practitioners of developing economies to get more precise results.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390 /buildings12101752/s1. The attached Excel sheet provides the detailed
BIM-R&R matrix representing the proposed BIM-based roles and their corresponding responsibilities.

Author Contributions: Conceptualization, U.E.H.H. and A.R.N,; data curation, U.E.H.H.; formal analysis,
U.E.H.H,; investigation, U.E.H.H.; methodology, UE.H.H., ARN., EU,, 5.Q. and M.].T,; project administra-
tion, UEH.H. and ARN,; resources, UE.HH., ARN. and EU,; supervision, AR.N.; validation, UE.HH,;
visualization, U.E.H.H.; writing—original draft, U.E.H.H.; writing—review and editing, ARN., EU., S.Q.
and M.].T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.


https://www.mdpi.com/article/10.3390/buildings12101752/s1
https://www.mdpi.com/article/10.3390/buildings12101752/s1

Buildings 2022, 12, 1752 19 of 22

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all respondents involved in
the study.

Data Availability Statement: The data are available with the first author and can be shared upon
reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ahmad, Z.; Thaheem, M.J.; Magsoom, A. Building Information Modeling as a Risk Transformer: An Evolutionary Insight into the
Project Uncertainty. Autom. Constr. 2018, 92, 103-119. [CrossRef]

2. Soltani, Z.; Anderson, S.; Kang, J. The Challenges of Using BIM in Construction Dispute Resolution Process. In Proceedings of the
53rd ASC Annual International Conference Proceedings, Associated Schools of Construction, Seattle, WA, USA, 5-8 April 2017;
pp. 771-776.

3. Akintola, A.; Venkatachalam, S.; Root, D. New BIM Roles’ Legitimacy and Changing Power Dynamics on BIM-Enabled Projects.
J. Constr. Eng. Manag. 2017, 143, 04017066. [CrossRef]

4. Ghaffarianhoseini, A.; Tookey, J.; Ghaffarianhoseini, A.; Naismith, N.; Azhar, S.; Efimova, O.; Raahemifar, K. Building Information
Modelling (BIM) Uptake: Clear Benefits, Understanding Its Implementation, Risks and Challenges. Renew. Sustain. Energy Rev.
2017, 75, 1046-1053. [CrossRef]

5. Malik, Q.; Nasir, A.R.; Muhammad, R.; Thaheem, M.].; Ullah, F.; Khan, K.I1.A.; Hassan, M.U. BIMp-Chart—A Global Decision
Support System for Measuring BIM Implementation Level in Construction Organizations. Sustainability 2021, 13, 9270. [CrossRef]

6.  Jacobsson, M.; Merschbrock, C. BIM Coordinators: A Review. Eng. Constr. Archit. Manag. 2018, 25, 989-1008. [CrossRef]

7. Takim, R.; Harris, M.; Nawawi, A.H. Building Information Modeling (BIM): A New Paradigm for Quality of Life within
Architectural, Engineering and Construction (AEC) Industry. Procedia-Soc. Behav. Sci. 2013, 101, 23-32. [CrossRef]

8. Bradley, A, Li, H,; Lark, R.; Dunn, S. BIM for Infrastructure: An Overall Review and Constructor Perspective. Autom. Constr.
2016, 71, 139-152. [CrossRef]

9.  Eadie, R.; Browne, M.; Odeyinka, H.; McKeown, C.; McNiff, S. BIM Implementation throughout the UK Construction Project
Lifecycle: An Analysis. Autom. Constr. 2013, 36, 145-151. [CrossRef]

10. Arroteia, A.V.,; do Amaral, G.G.; Kikuti, S.Z.; Melhado, S.B. BIM Knowledge Assessment: An Overview among Professionals.
A Surv. AEC Ind. Sao Paulo Braz. 2020, 2, 315-324. [CrossRef]

11.  Georgiadou, M.C. An Overview of Benefits and Challenges of Building Information Modelling (BIM) Adoption in UK Residential
Projects. Constr. Innov. 2019, 19, 298-320. [CrossRef]

12.  Bhatti, L A.; Abdullah, A.H.; Nagapan, S.; Bhatti, N.B.; Sohu, S.; Jhatial, A.A. Implementation of Building Information Modeling
(BIM) in Pakistan Construction Industry. Eng. Technol. Appl. Sci. Res. 2018, 8, 3199-3202. [CrossRef]

13. Hamma-adama, M.; Kouider, T. Comparative Analysis of BIM Adoption Efforts by Developed Countries as Precedent for New
Adopter Countries. Curr. J. Appl. Sci. Technol. 2019, 36, 1-15. [CrossRef]

14. Othman, I.; Al-Ashmori, Y.Y.; Rahmawati, Y.; Mugahed Amran, Y.H.; Al-Bared, M.A.M. The Level of Building Information
Modelling (BIM) Implementation in Malaysia. Ain Shams Eng. J. 2021, 12, 455-463. [CrossRef]

15.  BSI PAS 1192-2; Specification for Information Management for the Capital/Delivery Phase of Construction Projects Using
Building Information Modelling. BSI Group: London, UK, 2013; Volume 1, pp. 1-44. Available online: https://knowledge.
bsigroup.com/products/specification-for-information-management-for-the-capital-delivery-phase-of-construction-projects-
using-building-information-modelling /standard /details (accessed on 18 October 2022).

16. ISO 19650-1; Organization and Digitization of Information about Buildings and Civil Engineering Works, Including Building
Information Modelling (BIM)-Information Management Using Building Information Modelling. BSI: London, UK, 2018; Volume 1,
pp. 1-34. Available online: https://www.iso.org/standard /68078 .html (accessed on 18 October 2022).

17.  Ali, K.N.; Mustaffa, N.E.; Keat, Q.].; Enegbuma, W.I. BIM Knowledge and Skills Framework: An Introduction Strategic Forum for
the Australasian Building and Construction Industry. BIM Knowl. Ski. Framew. Introd. Strateg. Forum Australas. Build. Constr. Ind.
2017, 1, 1-32.

18.  Denis, F. Building Information Modelling—Belgian Guide for the Construction Industry, 1st ed.; ADEB-VBA: Brussel, Belgium, 2015.

19. HKIBIM. Hong Kong Institute of Building Information Modelling BIM Project Specification, 3rd ed.; Hong Kong Institute of Building
Information Modelling: Hong Kong, China, 2011.

20. NZ. The New Zealand BIM Handbook a Guide to Enabling BIM on Built Assets 2019, 3rd ed.; Building and Construction Productivity
Partnership: Judgeford, New Zealand, 2019; Volume 5.

21. VA. The VA BIM Guide, 1st ed.; Department of Veterans Affairs: Washington, DC, USA, 2010.

22. Girginkaya Akdag, S.; Magsood, U. A Roadmap for BIM Adoption and Implementation in Developing Countries: The Pakistan
Case. Archnet-IJAR 2020, 14, 112-132. [CrossRef]

23. Babatunde, S.0.; Ekundayo, D.; Adekunle, A.O.; Bello, W. Comparative Analysis of Drivers to BIM Adoption among AEC Firms

in Developing Countries: A Case of Nigeria. |. Eng. Des. Technol. 2020, 18, 1425-1447. [CrossRef]


http://doi.org/10.1016/j.autcon.2018.03.032
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001366
http://doi.org/10.1016/j.rser.2016.11.083
http://doi.org/10.3390/su13169270
http://doi.org/10.1108/ECAM-03-2017-0050
http://doi.org/10.1016/j.sbspro.2013.07.175
http://doi.org/10.1016/j.autcon.2016.08.019
http://doi.org/10.1016/j.autcon.2013.09.001
http://doi.org/10.5151/proceedings-ecaadesigradi2019_566
http://doi.org/10.1108/CI-04-2017-0030
http://doi.org/10.48084/etasr.2145
http://doi.org/10.9734/cjast/2019/v36i230224
http://doi.org/10.1016/j.asej.2020.04.007
https://knowledge.bsigroup.com/products/specification-for-information-management-for-the-capital-delivery-phase-of-construction-projects-using-building-information-modelling/standard/details
https://knowledge.bsigroup.com/products/specification-for-information-management-for-the-capital-delivery-phase-of-construction-projects-using-building-information-modelling/standard/details
https://knowledge.bsigroup.com/products/specification-for-information-management-for-the-capital-delivery-phase-of-construction-projects-using-building-information-modelling/standard/details
https://www.iso.org/standard/68078.html
http://doi.org/10.1108/ARCH-04-2019-0081
http://doi.org/10.1108/JEDT-08-2019-0217

Buildings 2022, 12, 1752 20 of 22

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.

Ismail, N.A.A.; Chiozzi, M.; Drogemuller, R. An Overview of BIM Uptake in Asian Developing Countries. AIP Conf. Proc. 2017,
1903, 1-8. [CrossRef]

Bui, N.; Merschbrock, C.; Munkvold, B.E. A Review of Building Information Modelling for Construction in Developing Countries.
Procedia Eng. 2016, 164, 487-494. [CrossRef]

Kaini, I. Implementation of Integrated Project Delivery (IPD) and Building Information Modelling (BIM) in the Construction
Industry. . Teknol. 2013, 1, 69-73.

Hosseini, M.R.; Martek, I.; Papadonikolaki, E.; Sheikhkhoshkar, M.; Banihashemi, S.; Arashpour, M. Viability of the BIM Manager
Enduring as a Distinct Role: Association Rule Mining of Job Advertisements. J. Constr. Eng. Manag. 2018, 144, 1-11. [CrossRef]
Latiffi, A.A.; Brahim, J.; Fathi, M.S. Roles and Responsibilities of Construction Players in Projects Using Building Informa-
tion Modeling (BIM). In Proceedings of the IFIP International Conference on Product Lifecycle Management, Doha, Qatar,
19-21 October 2015. [CrossRef]

Sebastian, R. Changing Roles of the Clients, Architects and Contractors through BIM. Eng. Constr. Archit. Manag. 2011, 18,
176-187. [CrossRef]

Bosch-Sijtsema, P.M.; Gluch, P.; Sezer, A.A. Professional Development of the BIM Actor Role. Autom. Constr. 2019, 97, 44-51.
[CrossRef]

Barison, M.B. An Overview of BIM Specialists Roles and Responsibilities. In Proceedings of the ICCCBE2010, Nottingham, UK,
30 June-2 July 2010; pp. 141-147.

Bosch-Sijtsema, P.; Gluch, P. Challenging Construction Project Management Institutions: The Role and Agency of BIM Actors.
Int. ]. Constr. Manag. 2021, 21, 1077-1087. [CrossRef]

Uhm, M.; Lee, G.; Jeon, B. An Analysis of BIM Jobs and Competencies Based on the Use of Terms in the Industry. Autom. Constr.
2017, 81, 67-98. [CrossRef]

Davies, K.; Wilkinson, S.; McMeel, D. A Review of Specialist Role Definitions in Bim Guides and Standards. J. Inf. Technol. Constr.
2017, 22, 185-203.

Barison, M.B.; Santos, E.T. An Overview of BIM Specialists. In Proceedings of the 2010 International Conference on Computing
and Civil and Building Engineering, Nottingham, UK, 30 June-2 July 2010.

Mathews, M. Defining Job Titles and Career Paths in BIM. CITA BIM Gather. 2015, 33-38.

de Almeida, G.; de Brito, L.C.B. Analysis of Organizational Culture in Brazilian Building Companies to Evaluate Changes
Required by BIM Technology. Bus. Manag. Dyn. 2017, 7, 1-16.

CIDB. BIM Guide 5-BIM Project Guide; CIDB: Kuala Lampur, Malaysia, 2019.

Hafeez. Investigating the Potential of Delivering Employer Information Requirements in BIM Enabled Construction Projects in
Qatar. In Proceedings of the IFIP International Conference on Product Lifecycle Management, Doha, Qatar, 19—21 October 2015.
[CrossRef]

Elbarkouky, M.M.G; Fayek, A.R. Fuzzy Similarity Consensus Model for Early Alignment of Construction Project Teams on the
Extent of Their Roles and Responsibilities. |. Constr. Eng. Manag. 2011, 137, 432-440. [CrossRef]

Adami, V.S.; Verschoore, ].R.; Antunes Junior, ].A.V. Effect of Relational Characteristics on Management of Wind Farm Interorga-
nizational Construction Projects. J. Constr. Eng. Manag. 2019, 145, 05018019. [CrossRef]

Wang, Y.; Thangasamy, V.K.; Hou, Z.; Tiong, R.L.K.; Zhang, L. Collaborative Relationship Discovery in BIM Project Delivery: A
Social Network Analysis Approach. Autom. Constr. 2020, 114, 103147. [CrossRef]

Beckers, F; Silva, E.; Chiara, N.; Flesch, A.; Maly, J.; Stegemann, U. A Risk-Management Approach to a Successful Infrastructure
Project. McKinsey Work. Pap. Risk 2013, 18. Available online: https:/ /www.mckinsey.com/capabilities /operations/our-insights/
a-risk-management-approach-to-a-successful-infrastructure-project (accessed on 18 October 2022).

Davis, K. An Empirical Investigation into Different Stakeholder Groups Perception of Project Success. Int. J. Proj. Manag. 2017, 35,
604-617. [CrossRef]

Anantatmula, V.S. Project Manager Leadership Role in Improving Project Performance. EMJ-Eng. Manag. ]. 2010, 22, 13-22.
[CrossRef]

Hoda, R.; Murugesan, L.K. Multi-Level Agile Project Management Challenges: A Self-Organizing Team Perspective. ]. Syst. Softw.
2016, 117, 245-257. [CrossRef]

Feger, A.L.R.; Thomas, G.A. A Framework for Exploring the Relationship Between Project Manager Leadership Style and Project
Success. Int. |. Manag. 2012, 1, 1-19.

Ahmed, R.; Anantatmula, V.S. Empirical Study of Project Managers Leadership Competence and Project Performance. EMJ—Eng.
Manag. |. 2017, 29, 189-205. [CrossRef]

Masengesho, E.; Wei, J.; Niyirora, R.; Umubyeyi, N. Relationship between Project Consultants” Performance and Project Success
in the Rwandan Construction Industry. World . Eng. Technol. 2021, 9, 138-154. [CrossRef]

Doloi, H. Cost Overruns and Failure in Project Management: Understanding the Roles of Key Stakeholders in Construction
Projects. J. Constr. Eng. Manag. 2013, 139, 267-279. [CrossRef]

Ogunde, A.; Olaolu, O.; Afolabi, A.; Owolabj, ].; Ojelabi, R. Challenges Confronting Construction Project Management System for
Sustainable Construction in Developing Countries: Professionals Perspectives (a Case Study of Nigeria). J. Build. Perform. 2017, 8, 1-11.
Shibani, A.; Sukumar, D. The Role of the Project Manager in Construction Projects in India. Chinese Bus. Rev. 2015, 14. [CrossRef]


http://doi.org/10.1063/1.5011596
http://doi.org/10.1016/j.proeng.2016.11.649
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001542
http://doi.org/10.1007/978-3-319-33111-9_16
http://doi.org/10.1108/09699981111111148
http://doi.org/10.1016/j.autcon.2018.10.024
http://doi.org/10.1080/15623599.2019.1602585
http://doi.org/10.1016/j.autcon.2017.06.002
http://doi.org/10.1007/978-3-319-33111-9_15
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000310
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001619
http://doi.org/10.1016/j.autcon.2020.103147
https://www.mckinsey.com/capabilities/operations/our-insights/a-risk-management-approach-to-a-successful-infrastructure-project
https://www.mckinsey.com/capabilities/operations/our-insights/a-risk-management-approach-to-a-successful-infrastructure-project
http://doi.org/10.1016/j.ijproman.2017.02.004
http://doi.org/10.1080/10429247.2010.11431849
http://doi.org/10.1016/j.jss.2016.02.049
http://doi.org/10.1080/10429247.2017.1343005
http://doi.org/10.4236/wjet.2021.91011
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000621
http://doi.org/10.17265/1537-1506/2015.06.003

Buildings 2022, 12, 1752 21 of 22

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.

Ghadamsi, A.; Braimah, N. The Impact of Design-Bid-Build Procurement Methods on Project Performance in Libya. J. Constr.
Eng. Proj. Manag. 2016, 6, 16-23. [CrossRef]

Zhong, Q.; Tang, H.; Chen, C. A Framework for Selecting Construction Project Delivery Method Using Design Structure Matrix.
Buildings 2022, 12, 443. [CrossRef]

Arshad, M.F,; Thaheem, M.].; Nasir, A.R.; Malik, M.S.A. Contractual Risks of Building Information Modeling: Toward a
Standardized Legal Framework for Design-Bid-Build Projects. J. Constr. Eng. Manag. 2019, 145, 04019010. [CrossRef]

Park, J.; Hoon, Y. Science Direct Design-Bid-Build (DBB) vs. Design-Build (DB) in the US Public Transportation Projects: The
Choice and Consequences. Int. . Proj. Manag. 2017, 35, 280-295. [CrossRef]

Azhar, S. Building Information Modeling (BIM): Trends, Benefits, Risks, and Challenges for the AEC Industry. Leadersh. Manag.
Eng. 2011, 11, 241-252. [CrossRef]

Namls, E.; Isikdag, U.; Kocakaya, M.N. Building Information Management (BIM), A New Approach to Project Management.
J. Sustain. Constr. Mater. Technol. 2019, 4, 323-332. [CrossRef]

Liu, Y,; van Nederveen, S.; Hertogh, M. Understanding Effects of BIM on Collaborative Design and Construction. An Empirical
Study in China. Int. |. Proj. Manag. 2017, 35, 686—698. [CrossRef]

Dubeas, S.; Pastawski, J. The Concept of Improving Communication in BIM during Transfer to Operation Phase on the Polish
Market. Procedia Eng. 2017, 208, 14-19. [CrossRef]

Alreshidi, E.; Mourshed, M.; Rezgui, Y. Factors for Effective BIM Governance. . Build. Eng. 2017, 10, 89-101. [CrossRef]
Al-Ashmori, Y.Y.; Othman, I.; Rahmawati, Y.; Amran, Y.H.M.; Sabah, S.H.A.; Rafindadi, A.D.; Miki¢, M. BIM Benefits and Its
Influence on the BIM Implementation in Malaysia. Ain Shams Eng. J. 2020, 11, 1013-1019. [CrossRef]

Papadonikolaki, E.; Van Oel, C. The Actors’ Perceptions and Expectations of Their Roles in BIM-Based Collaboration. In
Proceedings of the 32nd Annual ARCOM Conference, Manchester, UK, 5-7 September 2016; pp. 93-102.

Biabani, F.; Kim, J.H.; Ham, N. Qualitative Assessment of Collaborative Behavior Based on Self-Perception Personality Tests for
BIM Staff. Buildings 2022, 12, 1-22. [CrossRef]

BCA. Singapore BIM Guide, 2nd ed.; BIM Guide Workgroup: Singapore, 2013.

BoligBIM. Norwegian Home Builders” Association Bim User Manual, 1st ed.; Norwegian Home Builders Association: Oslo, Norway, 2012.
CIC. Building Information Modelling (Bim) Protocol, 2nd ed.; Construction Industry Council: London, UK, 2018.

Bilge, E.C.; Yaman, H. Information Management Roles in Real Estate Development Lifecycle: Literature Review on BIM and IPD
Framework. Constr. Innov. 2021, 21. [CrossRef]

Zanni, M.A; Soetanto, R.; Ruikar, K. towards a BIM-Enabled Sustainable Building Design Process: Roles, Responsibilities, and
Requirements. Archit. Eng. Des. Manag. 2017, 13, 101-129. [CrossRef]

Bosch-Sijtsema, P. New ICT Changes Working Routines in Construction Design Projects. Nord. Acad. Manag. 2013, 1-9. Available
online: https:/ /publications.lib.chalmers.se /records/fulltext/179131 /local_179131.pdf (accessed on 18 October 2022).
Bukhari, H.; Thaheem, M.]J.; Musarat, M.A.; Alaloul, W.S.; Altaf, M. Are Pakistani Construction Professionals Truly Happy? A
Benchmarking Approach. Ain Shams Eng. . 2021, 12, 3579-3591. [CrossRef]

Ma, X.; Xiong, E.; Olawumi, T.O.; Dong, N.; Chan, A.P.C. Conceptual Framework and Roadmap Approach for Integrating BIM
into Lifecycle Project Management. J. Manag. Eng. 2018, 34, 05018011. [CrossRef]

Muller, M.E,; Esmanioto, F.; Huber, N.; Loures, E.R.; Canciglieri, O. A Systematic Literature Review of Interoperability in the
Green Building Information Modeling Lifecycle. J. Clean. Prod. 2019, 223, 397-412. [CrossRef]

Hussain, Z. Using BIM for Sustainability Monitoring and Management over the Building Life Cycle. Master’s Thesis, Birmingham
City University, Birmingham, UK, 2020. Available online: https://www.researchgate.net/publication /341481221 (accessed on
18 October 2022).

Fadeyi, M.O. The Role of Building Information Modeling (BIM) in Delivering the Sustainable Building Value. Int. |. Sustain. Built
Environ. 2017, 6, 711-722. [CrossRef]

NATSPEC. National BIM Guide, 1st ed.; NATSPEC: Sydney, Australia, 2016.

USE. BIM Project Execution Plan Template for Architects, Engineers and Contractors; University of South Florida: Tampa, FL, USA, 2018.
v4.2; LACCD Building Information Modeling Standards. LACCD: Los Angeles, CA, USA, 2017.

COBIM. Common BIM Requirements, 1st ed.; Senate Properties: Helsinki, Finland, 2012.

CoD. BIM Guide-Protocols and Project Execution Plan; College of the Desert: Palm Desert, CA, USA, 2011.

NYC-DDC. BIM Guidelines; New York City Department of Design and Construction: New York, NY, USA, 2012. [CrossRef]
Massport. BIM Guidelines for Vertical and Horizontal Construction; Massachusetts Port Authority: Boston, MA, USA, 2015.

Wu, W,; Issa, RR.A. BIM Education and Recruiting: Survey-Based Comparative Analysis of Issues, Perceptions, and Collaboration
Opportunities. J. Prof. Issues Eng. Educ. Pract. 2014, 140, 1-9. [CrossRef]

FIU. Building Information Modeling (BIM) Standard and Guide, 1st ed.; Florida International University: Miami, FL, USA,
2014; Available online: https://facilities.fiu.edu/Documents/Forms_Standards/FIU_BIM_Standard_120814.pdf (accessed on
18 October 2022).

Merschbrock, C.; Munkvold, B.E. Effective Digital Collaboration in the Construction Industry-A Case Study of BIM Deployment
in a Hospital Construction Project. Comput. Ind. 2015, 73, 1-7. [CrossRef]

Li, W,; Leite, F. Comparison of Experienced and Novice BIM Coordinators in Performing Mechanical, Electrical and Plumbing
(MEP) Coordination Tasks. Constr. Res. Congr. 2014, 2014, 140-149.


http://doi.org/10.6106/JCEPM.2016.6.2.016
http://doi.org/10.3390/buildings12040443
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001617
http://doi.org/10.1016/j.ijproman.2016.10.013
http://doi.org/10.1061/(ASCE)LM.1943-5630.0000127
http://doi.org/10.29187/jscmt.2019.36
http://doi.org/10.1016/j.ijproman.2016.06.007
http://doi.org/10.1016/j.proeng.2017.11.015
http://doi.org/10.1016/j.jobe.2017.02.006
http://doi.org/10.1016/j.asej.2020.02.002
http://doi.org/10.3390/buildings12040426
http://doi.org/10.1108/CI-04-2019-0036
http://doi.org/10.1080/17452007.2016.1213153
https://publications.lib.chalmers.se/records/fulltext/179131/local_179131.pdf
http://doi.org/10.1016/j.asej.2021.04.012
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000647
http://doi.org/10.1016/j.jclepro.2019.03.114
https://www.researchgate.net/publication/341481221
http://doi.org/10.1016/j.ijsbe.2017.08.003
http://doi.org/10.1002/art.1780210322
http://doi.org/10.1061/(ASCE)EI.1943-5541.0000186
https://facilities.fiu.edu/Documents/Forms_Standards/FIU_BIM_Standard_120814.pdf
http://doi.org/10.1016/j.compind.2015.07.003

Buildings 2022, 12, 1752 22 of 22

87.

88.

89.

90.
91.

92.

93.

94.

95.

96.
97.

98.

99.

100.

101.

102.

103.

104.

105.

Guerriero, A.; Kubicki, S.; Hua, D.; Lamb, S.; Jacquemart, S.; Daher, E. Classification of Bim Curriculum in Eu and Bim Actor
Competence Matrix. BIM4VETA 2017, 1, 6-32.

Kaneta, T.; Furusaka, S.; Tamura, A.; Deng, N. Overview of BIM Implementation in Singapore and Japan. J. Civ. Eng. Archit. 2016,
10, 1305-1312. [CrossRef]

Joseph, J. BIM Titles and Job Descriptions: How Do They Fit in Your Organizational Structure? Autodesk University: New
Orleans, LA, USA, 2011.

v1.1; Building Information Modeling (BIM) Project Delivery Standards. The Ohio State University: Columbus, OH, USA, 2020.
USC. Building Information Modeling Guidlines; University of South California: Los Angeles, CA, USA, 2012; Available online:
https:/ /www.scribd.com/document /291080545 /BIM-Guidelines- Ver1-6-USC-2012 (accessed on 18 October 2022).

Jin, X.; Zhang, G.; Liu, J.; Feng, Y.; Zuo, ]. Major Participants in the Construction Industry and Their Approaches to Risks: A
Theoretical Framework. Procedia Eng. 2017, 182, 314-320. [CrossRef]

Boton, C.; Forgues, D. Practices and Processes in BIM Projects: An Exploratory Case Study. Adv. Civ. Eng. 2018, 2018, 1-12.
[CrossRef]

SEC Group. First Steps to BIM Competence—A Guide for Specialist Contractors; University of Northumbria: Northumbria, UK, 2017;
Available online: https://www.thebesa.com/media/2899 /bim-competence-final.pdf (accessed on 18 October 2022).

Dillman, D.A.; Smyth, ].D.; Christian, L. Internet, Phone, Mail, and Mixed-Mode Surveys the Tailored Design Method, 4th ed.; John
Wiley & Sons: Hoboken: NJ, USA, 2014.

Jung, W.; Lee, G. The Status of BIM Adoption on Six Continents. Int. J. Civil Struct. Constr. Archit. Eng. 2015, 9, 406—410.

Gerges, M.; Austin, S.; Mayouf, M.; Ahiakwo, O.; Jaeger, M.; Saad, A.; El Gohary, T. An Investigation into the Implementation of
Building Information Modeling in the Middle East. J. Inf. Technol. Constr. 2017, 22, 1-15.

Javaid, M.L; Igbal, M.M.W. A Comprehensive People, Process and Technology (PPT) Application Model for Information
Systems (IS) Risk Management in Small/Medium Enterprises (SME). In Proceedings of the 2017 International Conference on
Communication Technologies (ComTech), Rawalpindi, Pakistan, 19-21 April 2017; pp. 78-90. [CrossRef]

Prodan, M.; Prodan, A.; Purcarea, A.A. Three New Dimensions to People, Process, Technology Improvement Model. Adv. Intell.
Syst. Comput. 2015, 353, III-1V. [CrossRef]

Nadim, W.; Goulding, ].S. Offsite Production: A Model for Building down Barriers A European Construction Industry Perspective.
Eng. Constr. Archit. Manag. 2011, 18, 82-101. [CrossRef]

Arayici, Y.; Coates, P.; Koskela, L.; Kagioglou, M.; Usher, C.; O'Reilly, K. Technology Adoption in the BIM Implementation for
Lean Architectural Practice. Autom. Constr. 2011, 20, 189-195. [CrossRef]

Dawood, N.; Vukovic, V. Challenges and Opportunities for Whole Lifecycle Information Flow Underpinned By Bim: Technology,
Process, Policy and People. In KIBIM Magazine; Teesside University: Middlesbrough, UK, 2015; Volume 7, pp. 1-7.
Panagiotidou, N.; Pitt, M.; Lu, Q. Building Information Modelling Execution Plans: A Global Review. Smart Infrastruct. Constr.
2022, 1, 1-22. [CrossRef]

Doukari, O.; Seck, B.; Greenwood, D. The Creation of Construction Schedules in 4D BIM: A Comparison of Conventional and
Automated Approaches. Buildings 2022, 18, 1145. [CrossRef]

CIC. Building Information Modelling (Bim) Protocol, 1st ed.; Beale and Company: London, UK, 2013.


http://doi.org/10.17265/1934-7359/2016.12.001
https://www.scribd.com/document/291080545/BIM-Guidelines-Ver1-6-USC-2012
http://doi.org/10.1016/j.proeng.2017.03.100
http://doi.org/10.1155/2018/7259659
https://www.thebesa.com/media/2899/bim-competence-final.pdf
http://doi.org/10.1109/COMTECH.2017.8065754
http://doi.org/10.1007/978-3-319-16486-1
http://doi.org/10.1108/09699981111098702
http://doi.org/10.1016/j.autcon.2010.09.016
http://doi.org/10.1680/jsmic.22.00012
http://doi.org/10.3390/buildings12081145

	Introduction 
	Literature Review 
	Importance of Roles and Responsibilities in the Construction Industry 
	Design-Bid-Build Project Delivery 
	Building Information Modelling in the Construction Industry 
	BIM Roles and Responsibilities 

	Research Methodology 
	Identification of BIM Tasks and Roles 
	Data Collection and Primary Analysis 

	Matrix Development for BIM Roles and Responsibilities (BIM-R&R) 
	Results 
	Discussion 
	Validation of the Matrix through Expert Opinion 
	Study Implications and Contributions 

	Conclusions 
	References

