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The purpose of this study is to design a Building Information Modelling (BIM) integration model for
architectural education in adopting BIM culture. Most of the current models on BIM adoption are
directed toward the realm of construction industries (consultant firms and contractors) and less on higher
education institutions. The discourse on education is mostly concerning experimentation on curricular
integration and the lack of general concepts of integration. The main research inquiry of this study is
concentrated on which criteria are best suited to the education culture. Utilizing reflective discussion of
past experiences and a semisystematic literature review, detailed criteria to capture the multidimensional
facets of BIM adoption are proposed. The study proposes the model that offers six main integration
criteria: (a) institution vision and priorities, (b) infrastructure, (c) curriculum integration, (d) human
resources, (€) knowledge organization, and (f) change management. The application of the model may
be limited to architectural schools which are still in the initial process of BIM adoption but the
comprehensiveness of the model may possibly be developed as the basis for readiness assessment,
roadmap development, and exchange terminologies between education and the wider context of
architecture, engineering, construction, operation and management industries.

Keywords: Architectural education, BIM adoption, BIM readiness, BIM integration, BIM curriculum,
construction industry
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1. INTRODUCTION

The presence of Building Information Modelling
(BIM) culture and technology in the fast-changing
pace of architecture, engineering, construction,
operation, and management - AECOM -
industries is significantly changing the notion of
architectural education. Although the impact of
BIM as a major disruption factor in the
construction business is still considered debatable,
most of the scholars seem to agree that the
digitization of design and construction through
BIM is one of the important factors to consider in
current practice (Ahmad et al., 2016). In many
areas of the world, it is obvious that this new
technology has already changed traditional or
conventional design and construction practices
(Schober et al., 2017), causing a fundamental
impact on productivity (Poirier et al., 2015), and
becoming an assistive knowledge management
system to construction processes and activities
which are always knowledgeintensive (Wang &
Meng, 2019).

Within this wave of change, there have been many
efforts to map the process of general adaptation to
BIM culture in various sectors and in many parts
of the world (Smith, 2014). These mapping efforts
include a conceptual framework based on
readiness, capacity and maturity adoption models
of BIM implementation in the industry (Succar
and Kassem, 2015) and a macro process of BIM
maturity practices adoption through comparative
market analysis (Kassem and Succar, 2017).
Reports also show critical factors that may
potentially facilitate architects' adoption of BIM
such as management support, individual 3
inclinations towards information technology,
compatibility between new technology and the
individual's existing experiences as well as
computer self-efficacy (Son et al., 2015). For new
architects, it is a benefit to be more familiar with
the new techniques along with the current
architectural culture and sensitivity of the new
technology (Cocchiarella, 2016). It is also
conclusive that there is a rapid adoption of BIM
in the construction world since it became a
strategic competition tool in the market and was
posited as a catalyst for change in organizational
culture (Smith, 2014), including professional
development of BIM actors as ‘agents of change’
(Bosch-Sijtsema, Gluch, & Sezer, 2019).

From the perspectives of the construction industry,
there are many valid expectations in particular
toward education namely, the immediate needs of
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preparing BIM-ready graduates and adapting to
the BIM culture for their future work (Smith,
2014) and educating young architect primarily in
countries where BIM is still on the process of
implementation (Jagiello-Kowalczyk and
Jamrozy, 2016). Many studies proposed a current
list of recommendations, and challenges, such as
infusing BIM-enabled pedagogy and curricula of
tertiary education (Succar and Kassem, 2015; Hu,
2019), and adopting project-based education
through BIM (Jin et al., 2018). The primary goal
is to narrow the gap between construction
industries and education. BIM is one of the
important keys to bridge this gap because it is
believed to be a powerful connection between
theory and praxis (Cocchiarella, 2016).

From the education point of view, theoretically,
BIM may be a linking factor between these two
worlds. However, in educational praxis, some
fundamental questions can be raised.

The first query concerns the notion of adoption
itself. Studies have comprehensively indicated the
level of adoption and maturity implementation of
BIM in construction industries (Succar and
Kassem, 2015; Kassem and Succar, 2017;
Schober et al., 2017). The wide range of those
surveys and robust model of maturity concepts
invite some critical questions: Why are such
assessments and measurements barely reported in
academic circles while they are clearly addressing
their preparedness, readiness, or adoption
maturity. Do  these  assessments  and
measurements of BIM adoption actually matter
for the future of education? Is there any strong
relation between maturity in industry and maturity
in education? Can the adoption and maturity
model in industry be simply applied into
architectural education in particular and
engineering education in general? More questions
can be raised since the gap may be widening
between the pace of praxis-driven BIM adoption
in the construction industry and the slow learning
process of traditional education.

The second query concerns the notion of the
challenges and opportunities involved in BIM
adoption to education. Indeed, there is ample
evidence from the construction industries that
BIM implementation is a challenging process
with a variety of experiences, status, approaches
and frameworks such as seen in BIM curriculum
design (Abdirad and Dossick, 2016), as well as a
multitude of drivers and barriers (Babatunde et al.,
2018; Babatunde and Ekundayo, 2019). Learning
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from the industry, education may also have its
own challenges. The initial work of Olowa et al.
who reviewed fifty-one cases of BIM education
confirms various education challenges to adopt
BIM (Olowa et al., 2019). Accordingly, what is
important in industries may be the same or may
be different with in its education counterparts. If
the industries have already prepared a list of
criteria of success - and failure - then we also may
infer that the educational 4 institutions may also
have their own criteria. Research and reports of
BIM implementation in engineering education,
especially in architectural education are currently
available as we revealed in this study. But
unfortunately, they lack a general model of the
conceptual framework for adoption in the
education domain. The studies are also not
directed to conceptualize the criteria that can be
generally used to depict the ‘big picture’ of
adoption of BIM in higher education. We believe
that this broader portrayal of BIM adoption in
education is an important key to enter into the new
culture of architectural education in particular and
engineering  education in  general. The
bibliometric search and scientometric analysis
recently conducted by Jin et al., showing how
BIM was applied in construction engineering and
management, has also revealed that the industry,
academics, and governmental authorities should
collaborate. The collaboration is needed to
recognize the current needs, limitations, and
trends of BIM application in the construction
industry which can then be applied in conducting
research to find the best ways for improvement.
Jin et al. strongly recommended that BIM
pedagogy-based research should be shared among
the academic community to keep the BIM
education updated. It is also necessary to explore
practical experience and local BIM culture to
bridge the gap between educational goals and
industrial needs (Jin et al., 2019).

The purpose of this paper is henceforth twofold.
The first is to propose a design of a BIM
integration model for architectural education in
adopting BIM culture. The second is to map the
criteria important for education which may be
used as a guideline to develop a comprehensive
roadmap for BIM adoption. This study proposes
several practical implications. For education
institutions, the model may capture institutions'
level of BIM adoption in order to develop various
analyses (comparison/contrast, success/failure
factors) within or among institutions. The model
and criteria may also be deployed as the basis for
self-evaluation as well as policy development
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using a systematic roadmap of BIM adoption in
education institutions. As most of the models of
BIM adoption level are directed toward players in
the construction industries (consultant firms and
contractors), this study that focuses on
architectural education as the subject will be a
novel contribution to the discourse of BIM
adoption and may also be applied to the wider
context of AECOM education. While the model
we propose can be seen as a generic concept, the
relevance may be limited since the study was
conducted in Indonesia, which is posited as an
entry level country in BIM adoption. Nevertheless,
viewing this process from the entry level stage of
BIM adoption gives us an opportunity to reveal
more on the challenge of initial barriers of
adoption, while at the same time, we can learn
from the success stories and mature adoption
examples available in many current reports.

2. RESEARCH METHODS

As an effort to develop the model of BIM
adoption in architectural education in particular
and engineering in general, a mix of research
methods has been applied. A reflective study of
our own university experiences in BIM adoption
was conducted through continuous internal
discussion to formulate the model. From the
current body of literature, the general concepts of
BIM adoption were reviewed to reiterate and
refine the proposed model. To elaborate the model
to the level of criteria, we conducted a semi-
systematic literature review of references,
collected and selected from two authoritative
indexing platforms: Scopus (in
https://www.scopus.com) and Web of Science
(through Taylor & Francis 5 portal at
https://www.tandfonline.com). Our review did
not pursue a quantitative profiling of the
literature, but instead we sought the important
insights relevant to BIM adoption in education.
Within the range of August 2019 to March 2020,
we conducted the reference query of current
literature using the search strings that included:
#BIM, #architecture, # adoption, and #readiness,
in titles, abstracts, and keywords in various
combinations. To illustrate the scope of the
exploration, when we searched combining all
strings of entries of #bim #architecture #education
and #readiness in Scopus, it did not result in any
single paper while in Taylor & Francis with the
same string the search revealed 175 articles.
Through screening by relevance in the title,
meaning having close relation to the education
domain, the relevant articles were reduced to only
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seven articles. With search string #BIM,
#architecture, #education, the search in both
portals resulted in 57 articles but then the relevant
articles were reduced down to 41 articles.
Furthermore, the query using search string #B1M,
#architecture, #education, #adoption resulted in
10 articles. After discounting some duplicated
findings, we identified the relevant articles as
described below in sub chapter 4. The review was
aimed to see the important and relevant criteria in
the development of models for adoption of BIM
in architectural education. To gather a wider
perspective from the key actors in the Indonesian
context, we conducted two expert focus group
discussions (FGD). The first FGD was aimed to
develop the concept of BIM adoption and identify
the important key criteria. The discussion was
held as a side event of the International
Conference on Education Architecture in Asia
2019 (26 September 2019, held in the Department
of Architecture, Universitas Islam Indonesia -
UII) involving experts on BIM representation of
Institute BIM Indonesia (IBIMI) and BIM
implementers from construction enterprises and
related researchers. The second FGD was aimed
to examine and refine the proposed criteria. The
event was hosted by the BIM Center of
Excellence involving experts and representatives
from IBIMI, regulators (Board of Construction
Development, Ministry of Public Works and
Housing), contractors, architectural consultants,
educators, and students. This activity was held on
22nd of November, 2019 in the Growth Hub of
Universitas Islam Indonesia.

3. RESEARCH FINDINGS AND MODEL
DEVELOPMENT

3.1 Defining General Concepts of BIM
Adoption in Education

In defining the general concepts of BIM adoption
in education, we conducted a reflective study on
the experience of our Department. The
Department of Architecture at Ull has committed
its vision to introduce computational learning
since 1998 through computational graphics
training. The following initial steps included the
adoption of Computer  Simulation and
Presentation as a compulsory course in 2001 and
formalization of the Digital Architecture
Laboratory as the authorized Autodesk Training
Center in 2005. Since 2010, the Laboratory
started to adopt ArchiCAD, which can be
considered as the initial version of BIM. The
initiative to develop a project-based design studio
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utilizing ArchiCAD as the media was piloted
since then. In 2013, the curriculum formalized the
model in which it became compulsory for
students to have the ability to operate BIM. The
school introduced BIM in the third semester and
this was followed by step-by-step integration in
succeeding architectural studios. The utilization
of BIM culminated in the Architectural Design
Studio 6 (third year second semester) in which
students are grouped to run an integrated project.
For the following studios (fourth and fifth year)
BIM became compulsory tools to produce the
technical drawings of the design. This continuing
successful implementation process was 6 praised
by the Korea Architectural Accrediting Board
(KAAB), a member of the Canberra Accord when
they awarded international accreditation to the
department. In 2018, the Faculty of Civil
Engineering and Planning founded the BIM
Centre of Excellence in a plan to integrate the
effort for BIM adoption into all three departments
(architecture, civil engineering, and
environmental engineering). The newest effort to
integrate BIM into the learning culture was done
during the formulation of the Architecture and
Civil Engineering new 2020 curriculum. In
architecture, in particular, the new curriculum
introduces  computational  thinking  and
programming from the first year, following BIM
authoring software training, with integration into
more design studios in the second to fourth year,
as well as utilizing it for project coordination and
integrated project delivery courses in the fifth
year. BIM culture has become a backbone for the
new curriculum’s learning outcomes responding
to the new business and technology in
construction industries. In terms of organizational
change, the school has started to develop a
comprehensive roadmap of BIM adoption that
covers many aspects of management and policy as
well as organizational development. From the
above brief historical trajectory, through the
series of expert FGDs, we recognized that the
Department followed - unintentionally - the
trajectory towards the BIM adoption model that
was already formulated namely, preparation,
participation, and innovation (Succar and
Kassem, 2015). Succar and Kassem in their
comprehensive study of macro adoption defined
adoption as a concept that combines BIM
implementation in a certain unit of organization
and BIM diffusion to other units within the
organization or other parties on various scales.
Under the umbrella term of BIM implementation,
the study showed an organizational status that
may consist of three-phases: the readiness to
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adopt, the capability to perform, and the maturity
of performance for BIM implementation. BIM
readiness is the pre-implementation stage
representing the tendency of an organization to
adopt BIM culture, tools, workflows, and
protocols. This means that readiness is the initial
stage of a long process of BIM adoption expressed
in the initial preparation, the potential to
participate, and the capacity to innovate. After the
state of readiness is achieved, an organization
may have a BIM capability that is a deliberate
implementation of BIM culture to deliver
measurable outcomes. Applying this capability
strategically, an organization may achieve their
goals of maturity through well-defined stages
such as object-based Modelling, model-based
collaboration, and network-based integration
which covers many technologies, processes, and
policy topics. BIM maturity is a post-
implementation stage showing gradual and
continual improvement in quality, repeatability of
the process, and predictability of the output while
the outcomes within available capabilities are
expressed as maturity levels. Reflecting back to
the historical trajectory of our Department, we
saw that the model developed by Succar and
Kassem can be a ‘good fit’ for education
institutions. Expanding more on the initial stage
of preparation in our Department, we saw specific
aspects including the vision, priorities of the
institution, and infrastructure supported by
financial commitment were the keys to success in
this entry-level adoption. These early indicators
of success were also confirmed from the context
of industries such as shown by the study
conducted by Gilkinson et al. (2015). The study
saw that the vision of an institution was an
essential key although the BIM adoption in this
industry was driven by the need to be competitive
in the market, to reduce costs and time, and to
satisfy the government regulations. The BIM
infrastructure is of great concern because of the
working environment created by the 7 chosen
system as well as its financial consequences.
Hence, to decide the choice of infrastructure
sometimes even requires a BIM consultant.
Indeed, BIM has a comprehensive capacity to
integrate design applications, clash analysis,
quantification, scheduling, simulation, and
visualization. The system also includes the
capabilities of life-cycle costing, environmental
analysis, energy use, auditing of models,
management of life-cycle information through
facility management systems, and self-reporting
software. BIM technology is now able to control
and measure the in-situ progress of work projects

26 Journal of Design and Built Environment, Vol 20(3) 22-42, December 2020

at the site. All of these advancements are
important resources, and for Gilkinson et al., all
are essential in the BIM adoption process.
Moreover, the human resources that are an
indication of an organization’s capacity also
depend on the availability of people with the
specific capacities as BIM modeler, BIM
manager, BIM coordinator, and the BIM
implementation manager (Gilkinson et al., 2015).
Furthermore, in the stage of participation of the
teaching and learning process, we considered the
development of curricula such as training
modules and assessment tools while managing
human resources especially the trained staff as the
vital keys to the operation. We will elucidate more
on these in the following sections of the paper.
Finally, in the stage of innovation, we believe that
it could only be achieved through the capacity of
the institution to develop knowledge through
other organizations and to manage continuous
change through internally driven innovation and
external outreach development. However,
referring to the model of BIM implementation
which represents the successful adoption of a
system/process by a single organization, our
Department has not yet entered the stage of BIM
diffusion. From the model, the diffusion stage
represents the spread of the system/process within
a population of adopters such as in a certain
network of organizations or units for example, in
a country (Succar and Kassem, 2015). However,
for our context, the establishment of the BIM
Centre of Excellence in 2018, may represent a
starting point of contribution toward the
university-wide adoption of BIM. The
membership to Institute BIM Indonesia and our
appointment as official partner of the Board of
Research and Development, Ministry of Public
Works and Housing on BIM were two initial steps
in the stage of BIM diffusion. Outlining back and
forth from our reflective study of the historical
trajectories of the Department and the theoretical
framework of the BIM adoption model proposed
by Succar and Kassem (2015), it appears that they
confirmed each other. Conceptually, we firmly
believe that the model may be used as the basis
for developing an applicable BIM adoption model
in education institutions nationally and quite
possibly, globally.

3.2 Outlining BIM Adoption Criteria in
Education

In seeking the dimensions of the BIM adoption,

the historical reflections provide the insight that
the concept is closely related to the readiness of
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the internal process of an organization to achieve
their goals and the institution's key performance
indicators to measure those goals according to
specific strategies and priorities. Readiness is
associated with people's responses to deal with
organizational change as indicated by the study of
Armenakis (1993). Readiness to adopt something
new can be measured from various perspectives
and it is possible to build psychometric properties
of readiness instruments (Holt, 2007). The studies
of Holt, Armenakis and others offer five main
factors of readiness at the individual level
consisting 8 of: (a) discrepancy (such as
answering a question of the belief that a change
was necessary), (b) efficacy (the belief that the
change could be implemented), (c) organizational
valence (the belief that the organization may
benefit from the change), (d) management support
(the belief that the organizational leaders are
committed to the change), and (e) personal
valence (the belief that individual persons may
also earn benefit from the change) (Holt et al.,
2007). The concept of readiness of adoption may
refer to various levels, namely individuals, teams,
or organizations. In our study, readiness towards
BIM adoption refers to the concept of readiness at
the organizational level as indicated in the theory
of organizational readiness for change. It has to do
with a shared psychological state in which
organizational members feel committed to
implementing the change (change commitment)
and confidence in their collective abilities to do so
(change efficacy) (Weiner, 2009). In regards to
BIM, readiness of this adoption was very much
supported by internal willingness such as
competition motivation but was also strongly
influenced by governmental policies, financial
incentives, and technological support (Juan et al.,
2017). Furthermore, Greef and Ghoshal identified
that readiness comprises six characteristics,
namely: (a) organization ability to define and
prioritize problems, (b) infrastructure and
applications to support dynamic initiatives, (c)
use of information and knowledge, (d) ability to
manage and implement key performance
indicators via formal system development and
project management processes, (e) trained and
skilled members, and (f) effective change of
management processes to modify practices and
behavior (Greef and Ghoshal, 2004). Moreover,
adoption to something new, such as BIM culture,
is also closely related to the inclination of an
organization to change towards innovation. In this
aspect, Lokuge et al., who conducted a study of
organizational change for information technology
innovation, highlighted two views on the matter
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namely, readiness of an organization to withstand
an innovation and the readiness of an organization
to enable innovation. Looking more on the second
view, Lokuge's study identifies 21 aspects of
measurement namely, attitudes, psychological
motivation, empowerment, flexible financial
support, flexible human resources, flexible
infrastructure, the stability of the economic status,
digital technology availability, infrastructure
stability, knowledge on technology, process and
organizational  support, skills of staffs,
adaptability to a variety of projects, sharing ideas,
decentralized decisions, risk aversion, clarity of
goals and vision, the relevance of goals,
communicating goals and strategic directions,
software vendors, management consultant, and
customers/suppliers.  Those  aspects  are
categorized into seven aspects. The first aspect is
resource readiness, which covers aspects of
organizational needs for finances, human
resources, and technology. The second is cultural
readiness which includes ways of sharing ideas
and thoughts, decentralized decision making, and
sufficient risk assessment in anticipating
innovation and change. The third is strategic
readiness which refers to the clarity of goals,
relevance, and good communication to all
stakeholders. The fourth is information
technology readiness which refers to the
reliability of the system, stability of access, and
reliable technology and infrastructure. The fifth is
innovation valence which refers to staff who have
the ‘right stuff’, motivation, and are empowered
to make decisions. The sixth is cognitive
readiness which shows the adequacy of staff in
terms of knowledge, skills, and adaptation to
innovation. Finally, the seventh is a readiness for
partnership that refers to the strength of the
network of vendors, consultants, and suppliers in
supporting innovation (Lokuge et al., 2019). 9
Framing by applying the readiness concepts
(Greef and Ghoshal, 2004) and learning from the
clusters of aspects (Lokuge et al., 2019), we
developed a map of indicators resulting from the
series of expert FGDs (Table 1). We modified
Greef and Ghoshal's frame to fit more with
education culture. Specifically, (a) The aspect of
organization ability to define and prioritize
problems was modified to "vision and priorities of
the institution”; (b) The aspect of infrastructure
and applications to support dynamic initiatives
was modified to "infrastructure and resources";
(c) The aspect of use of information and
knowledge was modified to be more specific as
"curriculum and training modules"; (d) The aspect
of ability to manage and implement key
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performance indicators via formal system
development and project management processes
was modified into  "organization and
management”; (e) The aspect of trained and
skilled members, we modified to "human
resources;" and finally, (f) effective change of
management processes to modify practices and
behavior, we modified to "change management."”

Our important FGD results revealed aspects that
were shared by all members of the group:
representatives  from  IBIMI,  regulators,
contractors, architectural consultants, educators,
and students. They are summarized below in the
Table 1.

Table 1. Scale of importance of aspects according to member discussion

Weighted roposed keywords

Key aspects 1 5 4 va?ue prop YW
trained staffs for teaching and learning trained educators

0 0 6 36
vision of BIM as part of strategic strategic plan
plans 0 1 5 34
action plans and consistent action plan
implementation 0 1 4 33
budgeting plans and sustainability sustainable budgeting

0 0 2 32
organizations supporting unit establishment
implementation 0 2 4 32
strengthen graduate certification and alumnae
competencies through certification support

0 3 4 31
socialization and dissemination to all convincing members
members 0 2 3 31
convince universities/ management commitment
corporations/ highest management

0 3 4 31
information technology infrastructure basic infrastructure
for teaching and learning

0 3 3 30
integration courses or modules in modules and courses
learning 0 2 2 30
teaching and learning quality assurance quality assurance

0 3 3 30
infrastructure collaborative BIM infrastruct_ure for

0 3 2 29 collaboration
sustainable learning programs 0 5 28 integrated curriculum
research and development 0 4 2 28 research and development
create external support 0 A . - ecosystem for innovation
action plan to manage innovation managing innovation

1 3 2 27
services outside teaching/ learning or outreach service
outside institution 0 5 1 26
systematic assessment system 1 3 24 assessment system

(Note: 1: not important; 2: less important; 3: important; 4: very important)
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There were other aspects that also can be raised
from the expert discussions but which were
considered insignificant in term of quantification
(less than 10 in weighting value). These delisted
aspects can be included as the external drivers of
BIM adoption. With these in mind, Ahmed and
Kassem’s broad survey of BIM implementation in
177 companies in the United Kingdom found that
the adoption drivers can be categorized into two
main drivers namely, internal and external. While
the former includes top management support,
organizational readiness for communication
behavior, financial resources and perceived costs,
social motivations, organizational culture,
willingness/  intention, and  organizational
structure and size, the latter covers coercive
pressures/forces (such as the mandate of the
government), mimetic forces (such as imitating
the success of other organizations), and normative
forces (such as parts of an organization's strategy)
(Ahmed and Kassem, 2018). From the FGD
members who are regulators, they emphasized the
need of national board of certification of the
competencies and training, the importance of
benchmarking to outside countries, and
legalization of the mandate on the national level.
From the industries, especially from contractors,
they emphasized the importance of market
creation that conforms to BIM culture including
the priorties to educate the project owners' vision
of BIM, and the praise to the regulators (Ministry
of Public Works and Housing) to initiate BIM
platform for the Indonesia context. They also
encouraged us to create a network for national

construction companies in order to create a
healthy ecosystem of BIM to include all actors
namely, from students to industry players, and
including owners and investors. Aside from the
above aspects, the members from architectural
firms suggested the importance of designing
curriculum together with industry, upgrading the
current vision of lecturers, tutors, and facilitators
on technical and non-technical aspects of BIM,
and encouraging adoption in the field of
mechanical and civil engineering ‘best practices’
altogether to create more interprofesional
education. From the above elaborations, we came
to the belief that our proposed six criteria were
supported by the references. In addition to this
shared vision, we saw that all six criteria can also
be arranged into the three stages of the BIM
adoption process (Table 2). The first step is the
preparation of the organization’s commitments in
which vision, priorities, and infrastructure are the
key steps. The second step is the implementation
of the education process for which curriculum
development and availability of trained personnel
or staffs are the key factors. The third step is the
development of the internal capacity of
innovation and outreach advancement. This final
step is supported by an established organization to
manage knowledge within the education
environment and the change management to
include all members in the innovation and
outreach, and network development. These three
steps may represent the ladder of maturity of BIM
implementation in higher education.

Table 2. Map of key criteria for the ladder of adoption maturity

Level of Proposed Criteria, modified from Greef and Ghoshal (2004)
Adoption

. vision and Infrastructure | curriculum | human organization change
%&dzgﬁgcar priorities of | and resource and training | resource and management

the modules management

and Kassem, T
2015) institution
Preparation of | strategic basic modules trained unit convincing
organization plan infrastructure | and courses | educators establishment | members
commitment
Implementatio | action plan | infrastructure | integrated students quality management
n of educational for curriculum | support assurance commitment
processes collaboration
Innovation sustainable | outreach assessment | alumnae research and ecosystem for
capacity and budgeting service system support and | development innovation
outreach certification
advancement
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4. DISCUSSION: EXPANDING THE
MODEL

Learning from the discourse of BIM adoption in
industries, there are many interrelated terms and
concepts which are often used interchangeably in
the context of BIM such as implementation,
diffusion, readiness, and adoption. Researchers
also  comprehensively  compile  adoption
roadmaps that indicate the aspect of learning and
education as an important element in policy
development for the adoption of BIM. The main
task of education and learning is to build
competencies, education frameworks, learning
modules, and awareness among all contributors in
the supply chain, including educating teachers
(Kassem and Succar, 2017). From our semi-
systematic survey of the literature, we tried to
categorize these essential aspects into the six
proposed criteria we have developed to deepen
the dimension of the model.

4.1 Vision and Priorities

In this general view of BIM adoption, both the
expert discussion members and references agreed
about the importance of the vision and priorities
of the institution. Adding further dimension to
these core criteria, the institution can develop the
vision of BIM as part of its strategic development
plans. Through identifiying problems internally,
they can formulate action plans for BIM and
should consistently implement them. In doing so,
the institution has to prioritize BIM on budgeting
plans and maintain the program’s sustainability.
In the references, this dimension was indicated by
the need to include BIM in strategic planning of
engineering companies as well to propose BIM
for building knowledge Modelling (Gilkinson et
al., 2015). Further study also indicated the six
areas required for BIM to be inclusive in the
frame work were namely: collaborative curricula,
space, teamwork, relevance to industry,
technical/ technological skills, and the role of
professors/ lecturers (Shelbourn et al., 2017).

4.2 Infrastructure

To initiate BIM adoption in education, the
institution has to establish a basic but sufficient
information technology infrastructure (such as
BIM in stand-alone computers) to implement
BIM for teaching and learning. Some studies have
reported the importance of this dimension and
development of the basic 12 infrastructure.
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Initiating implementation of digital media in
design must also cope with polarization between
traditional and digital media and the pressing
needs for multidisciplinary integration and the
development of multimodal and media-rich
environments (Angulo, 2007). The more mature
institutions will show sufficient infrastructure to
implement collaborative BIM teaching and
learning (for instance BIM in a network of
computers) including financial resources to
manage them. In this aspect, some research
confirmed that BIM can also become a platform
for multifaceted learning in globally distributed
teams and to develop experiential educational
settings internationally (Dossick et al., 2015). It
was recently reported that the online learning
platform of BIM was a positive learning
experience for both students and instructors
(Suwal and Singh, 2018). Readiness in
infrastructure will also require the ability to
combine technical depth and integrated
multidisciplinary collaboration on BIM learning,
integrated project delivery to meet specialized
skills and professional standards, and a consistent
focus on the practice-based environment
(Solnosky et al., 2014, 2015). The selection of
technical tools for functional requirements and
needs, as well as non-technical issues are also
important stages in developing BIM adoption in
which collaborative initiatives have a vital role
(Gu and London, 2010). Some experimentation in
terms of advanced infrastructure was also
conducted such as introducing building
interactive Modelling which complements the
capabilities of BIM with social interaction (Ku
and Mahabaleshwarkar, 2011), semantic web
technology linked to BIM for architectural
heritage (Simeone et al., 2019), and virtual BIM
reviewer (VBR) as a tool for global collaboration
in practice (Wu et al., 2019). The most mature
institutions will enable their infrastructure and
resources to implement BIM technology outside
of teaching and learning such as for outreach
services and collaborations with the industry as
well as facility management of the campus itself,
through integrating BIM with the geographical
information system and infrastructure (Wang et
al., 2019).

4.3 Curriculum
The core adoption pathway for higher education
is the development of the curriculum. Most of our

reviewed references were focused on this
particular part of the proposed criteria. As early
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as 2011, from the references, we saw that the
integration of BIM pedagogy is the key factor
(Becerik-Gerber et al., 2011). There was also a
tendency of architecture schools to fully integrate
BIM in the curriculum while schools of
construction tended to only use 4D and 5D
(scheduling and estimating) (Joannides et al.,
2012). BIM may also be useful for the vertical
integration (an upper and lower division of
students). Such integration would further
promote the use of BIM tools and create a deeper
understanding of information management
(Ghosh et al., 2015).

There are various ways and degrees of integration
available (Nushi and Basha-Jakupi, 2017). Many
of references were also directed to show the
regional experiences such as academic readiness
for BIM integration in the Malaysian context
(Yusuf et al., 2017), and the practice of BIM as a
digital collaboration platform for students in the
cross-disciplinary ~ design  teams  through
information sharing in China (Jin et al., 2018).
Moreover, they showed that students gain
valuable  experience  from  project-based
collaborations with BIM capabilities which
support future employment skills within the AEC
job market. In the process, the integrated design
approach was embedded and showed a strong link
between academic activities and real-world
industrial practice, including the interoperability
of building information exchange among
different digital platforms (Jin et al., 2018).
Integrating BIM in a teaching technology
platform (BIM-enabled pedagogy) will also
provide a novel pedagogical approach and give
more positive evidence of its effectiveness than in
traditional courses in an architecture curriculum
(Hu, 2019).

While in the initial entry phase of the adoption,
the institution may formulate learning objectives
and learning plans and develop courses/ modules
that integrate BIM in the curiculum. The process-
oriented teaching approach in the project-based
course is strategic entry point to understand BIM
(Wang and Leite, 2014). References indicated

that some new competences should be introduced:

for example, the Industry Foundation Classes
(IFC) data model that intended to describe
architectural, building and construction industry
data and integrated design for both lower and
upper students (Ahn and Kim, 2016), and the
effectively used BIM execution plan (BEP)
(Wang and Leite, 2014). Furthermore, this BIM
execution plan constructs a roadmap throughout
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the project’s life-cycle of construction
management for students, enriching the learning
methodology of the BIM itself not only its
technology (Leite, 2016), and emphasizing the
interoperable activities (teamwork, software, and
database organization) as the fundamental
principles in the curriculum (Nushi and Basha-
Jakupi, 2017), along with interdisciplinary
collaboration including the skills of data transfer
and interoperability (Filzmoser et al., 2016).
Moreover, curriculum integration ~ was
recommended at least for three semesters (Nushi
and Basha-Jakupi, 2017).

For full implementation of the integration, we
believe that the institution should conduct a
sustainable working system for training such as in
regular training schedules, with consultative
assistantship to students, including developing a
feedback mechanism from students for program
improvements. One example in a recent study
showed positive feedback from students about
BIM integration into the curriculum (Rosli et al.,
2016). The curriculum integration may also be
advanced by creating interoperability of different
digital platforms within the institution as well as
with the AEC industry. The platform may provide
direct professional advice to improve the
constructability of students’ design work. There
will also be the need for realignment of education
programs concerning the emerging use of BIM
through distance learning, collaborative learning,
and industry collaborations (Jin et al., 2018,
2019).

The criteria of curriculum must also involve the
process of integration. References have already
given several indications. Huang proposed three-
levels of framework in construction management
curriculum, namely: fundamental level (BIM
knowledge and contents), application-level (real-
world problem solving), and advanced level
(latest and advanced BIM technology) (Huang,
2018). Palomera-Arias and Liu have also
described the three-levels framework of
integration of BIM into courses and laboratory
exercises of Mechanical, Electrical and Plumbing
(MEP) curriculum namely: BIM software
package (introduction), MEP laboratory exercises,
and BIM for final capstone project (Palomera-
Arias and Liu, 2016). We saw that both
frameworks could complement each other.
Abdelhameed proposed that the pedagogical
curriculum of capstone design studios should
include BIM-related software to introduce
fundamental knowledge and environmental
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analysis to develop a better design in the
conceptual phase. Moreover, through a deeper
exploration of BIM and related software in
building systems, acoustic and insulation, and
illumination and daylighting, for instance,
students will have practical examples to apply in
more specialized courses (Abdelhameed, 2013).
Abdirad and Dossick analyzed the strategy
towards BIM adoption and the implementation in
curriculum design, such as in teaching-learning
methods, timelines, contexts, and learning
strategies. The strategy became important to
determine the type of supports for students,
determine the type of course whether as an
elective or compulsory, tutorial methods, and
designing methods of assignments and their
criteria. It is noteworthy that competencies and
skills for industrial engagement are important
factors in this aspect of curriculum integration
(Abdirad and Dossick, 2016).

References have also indicated a variety of uses
of BIM in education and its relation with industry.
As early as 2010, Sacks and Barak recomended
that BIM can be used as a learning tool for project
teams to be more familiar with construction tasks
before commencement in the field (Sacks and
Barak, 2010). BIM may also provide a learning
tool in real-life construction tasks giving both
academic and practical value (Lu et al., 2013),
experience in the new work environment and
communication process (Brokbals and Cadez,
2017), and experience in the use of collaboration
and coordination learning modules for BIM
education in different programs (Bozoglu, 2016).
BIM execution plan can also be applied for
project-based learning integration in capstone and
real-world projects (Zhang et al., 2018). The
advancement of BIM in the curriculum will also
address the need for sustainable design including
in the analysis of multiple criteria during
construction,  operation,  demolition, and
recycling (Jagiello-Kowalczyk, 2017), in the
phase of creating conceptual mass in the design
studio (Bilgehan Iyican et al., 2015), and
integrating environmental analysis employing
BIM in the conceptual phase to help students to
improve design quality (Abdelhameed, 2018).

Within these curriculum criteria alignment and
assessment system are important. References
have also indicated some challenges such as the
awareness of the technology, curriculum and
training modules (Succar and Kassem, 2015;
Kassem and Succar, 2017), as well as how to
align universities’ educational goals with BIM-
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related courses (Uhm et al., 2017). Abdirad and
Dossick comprehensively outlined critical areas
in education, namely: (a) incorporating BIM to
curricula through a variety of strategies, (b)
enrollment of students relevant to strategies
including BIM as an optional course, (c) defining
required competencies and competency levels, (d)
pedagogical strategies for BIM teaching-learning
concept, (e) wvariety of tutoring method
(instruction, hands out, audio-video tutorials,
interactive  simulation, etc. (f) industry
engagement and faculties contribution, and (g)
variety — fitness of the assessment types, methods,
and criteria (Abdirad and Dossick, 2016).

4.4 Human Resources

References have indicated that human resources,
trained staff and lecturers as the educators and the
students were also key criteria for BIM adoption.
Trained educators and supporting staff members
for the successful implementation of BIM
teaching and learning must be prepared, as well
as provide availability of schemes to strengthen
their competencies in the skills. Educators must
explore and develop new methods based on
multi-dimensionality of BIM, data-driven, meta-
thinking and skill-building including addressing
BIM design studio challenges to reconcile the
tradition of abstraction with the synthetic
simulation (Ambrose, 2007, 2012). BIM may also
open the new challenge for educators to leverage
students' level of knowledge and skills while
barriers are still present, including the relative
lack of reference material, model development
not following construction sequence, lack of error
detection, and limited choice of component
databases. Educators should also notice that
students prefered to use BIM more than CAD
especially for user-friendliness, help functions,
and ability of self-detection of mistakes of the
modelling (Deniz, 2018). From students'
experience, BIM may help them to learn more
quickly and be able to better understand and
create complex designs (Wong et al., 2011).
Educators will also be required to promote co-
design models that work with uncertainties, risks,
and failures to cope with the rapid changes in the
professional roles in the built environment
(MacLaren et al., 2017). At the same time, it will
be necessary to explore future pedagogical
research in adopting BIM in different project
sectors (e.g., building and infrastructure), and to
create innovative pedagogical delivery methods
to bridge the gap between students and
professionals (Zou et al., 2019).
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Concerning students’ perspectives, references
revealed that BIM adoption and implementation
may fill the gap in the rapid growth of the BIM-
related job market but also will need incentives to
encourage students to commit to a BIM-oriented
career path (Wu and Issa, 2014). In regards to
BIM’s usefulness, most students desired BIM-
related jobs, and despite the challenges during
BIM implementation, there are also indications
that students favored BIM-based jobs related to
engineering design and project management, and
they perceived BIM to be less useful in assisting
facility management and quantity survey (Zou et
al., 2019).

4.5 Knowledge Organization

Based on our experiences, we believe that
adoption of something new, such as BIM culture,
should be initiated as a process from a small scale
unit, which can show success stories, and then
convince the larger audience for recognition and
diffusion. The unit, either in the shape of a
laboratory, independent center of excellence, or
departmental level, is vital in order to create
sustainable support for implementation of the
BIM in any curriculum, in part or as a whole.
Organization is also important to create a viable
education knowledge ecosystem that acquires
competencies for leadership and business
development which are equally important for
faculty and for students (Aksenova et al., 2019).
Within the framework of organizing the
knowledge of BIM, institutions may develop
criteria, standards, and procedures for BIM
teaching and learning with strict quality assurance
across modules, courses, and study programs.
Once the level of organization is reached, the
institution may also develop their capacity both
internally and collaboratively for BIM research
and development. In a closer look, a collaboration
between large institutions and small institutions
turned out to be one of the success factors
(Abuelmaatti and Ahmed, 2014, 2018).

References have reported many facets of research
and development based on BIM culture. As early
as 2011, the foresight of integration of BIM and
gaming technology to create a framework for
design education has been indicated (Yan et al.,
2011). Recent studies showed that BIM extended
with augmented reality (AR) and virtual reality
(VR) may increase student learning and
knowledge on building science principles
(Vassigh et al., 2020) and has become an
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emerging trend opening collaboration between
designers, instructors, engineers, and computer
experts (Diao and Shih, 2019). Applications of
BIMenabled VR and AR on construction,
engineering education, and training are also
future research areas and can be used in the
variety of expertise such as in the education of
architectural visualization, design, structural
analysis, and in the training of safety, use of the
equipment, and managing operations of
construction sites (Wang et al., 2018). In a larger
view, BIM is a step toward the many futures of
Computational Design (CD) such as generative
design, morphogenesis, etc. This future portfolio
may differ significantly from the previous
traditions since the ground of design
representation in computational logic will be on
the data and information instead of geometric
aspects as in conventional design. CD is also
changing both design theory and practice,
although most architects are not yet aware of its
impact (Caetano and Leitéo, 2019). All of these
knowledge-based advancements should be
managed into multiple levels of organizations,
both within the education institutions and with the
external counterparts of the construction industry
to more involve information technology industry
and industrial design experts, which includes the
need to raise investor awareness of the benefits
involved in the BIM-supported integrated design
process (Filzmoser et al., 2016).

4.6 Change Management

The essential key and final criteria concerns the
ability of an organization to manage change. The
institution needs this concerted effort to make all
the members believe in and be willing to embrace
the innovation to excel into the sustainable
development of BIM adoption. One study
showed that a paradigm shift was needed in
teaching and learning to more technology-based
learning and the importance of multidisciplinary
learning (Vimonsatit and Htut, 2016). This aspect
deals mostly with overcoming the barriers among
the members of an organization. For instance, the
survey conducted by Babatunde and Ekundayo
identified 30 barriers that can be grouped into six
major factors, namely: culture change, lack of
enabling environment, staff resistance and non-
availability of industrial experts, lack of
accreditation standards and requirements, high
cost of implementation and high risk on security
concern. Some important specific barriers were
lack of IT infrastructure; BIM resource-intensive;
lack of government direction; the cost of staff
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[lecturers training; availability of qualified staff
to take BIM courses; the need to continually
upgrade the BIM software; and the lack of
accreditation standards and requirements to guide
the implementation of BIM within a curriculum.
More detailed problems included the need for
industrial involvement and lack of university
management support in integrating different
areas of the curriculum to realize the
multidisciplinary aspects of BIM (Babatunde et
al., 2018; Babatunde and Ekundayo, 2019). BIM
as a complex new culture was the most
commonly complained about obstacle of
adoption. Such complexity particularly refers to
the initial start-up of the process of the BIM
setting that requires more technical attention and
coordination to produce an optimal work
platform in accordance with the work culture
(Chen et al.,, 2019). Another obstacle is the
interoperability of BIM which is also related to
the selection of BIM tools, the selection of
employment of pilot projects, the less developed
risk management, and the underdeveloped
guidelines and standards (Hanafi et al., 2016).
Hence, we believe that it is imperative for higher
institutions to convince all lecturers, technical
staff members as well as students about the
importance of BIM as part of the needed
institutional change towards innovation. To
increase the maturity of the BIM adoption,
institutions will also need the managerial
commitment at all levels of organizations within
the institution such as heads of laboratories, study
programs, departments, as well as top level
university wide promoters to include BIM as one
of the strategies in dealing with the Industrial
Revolution 4.0. The institution may also set
action plans to manage the change towards the
BIM ecosystem, including developing networks,
vendors, consultants, and suppliers to support
BIMbased innovation. We saw that adoption of
BIM in education will also open the future
pathways to further innovation of new skills,
praxis, and theory of CD in education. To
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accelerate the change toward innovation,
multidisciplinary and interprofessional support
for collaboration is an essential factor for this
important final stage of adoption.

5. MODEL OF BIM ADOPTION:
CONCLUSIONS AND RECOMENDATIONS

We have thoroughly elucidated the notion of BIM
adoption in higher education, especially in
architecture and generally in engineering,
construction, operation, and management schools.
Through historical reflective study and semi-
systematic literature review, we have arrived at
some conclusions to answer the aforementioned
research questions. From the expert discussion,
we propose a BIM adoption model, conceptually
comprising the three-dimensional perspectives of
organizational scoping, maturity ladder, and six
key criteria relevant to picture the adoption
process. Those proposed six main adoption
criteria are: (a) institution vision and priorities, (b)
infrastructure, (c¢) curriculum, (d) human
resources, (e) knowledge organization, and (f)
change management. In each criterion, three
parameters are developed to capture the readiness
ladder of maturity, from preparation,
implementation, and innovation level, for
implementation in the higher education
institution (Figure 1). Our discussions with
experts and BIM implementers suggested that the
model may show a comprehensive view of higher
education dimensions of BIM adoption. On this
basis, we recommend that higher education
institutions, especially those which are still in the
entry level of BIM adoption, may begin to
develop a vision, strategy, and roadmap for the
integration of BIM in the academic environment
as soon as possible as the gap is widening
between education and the demand of AECOM
industry. The proposed model can provide an
overview of the aspects, self-assessment tool, and
guiding steps to close the gap and protect the
opportunities which are at stake.
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Vision & Priority

Infrastructure

Curriculum

Human Resource

Knowledge organization

Change Management

Figure 1. Concept of BIM Adoption in architectural education

The model implies the importance of
infrastructure, technology, and supporting human
resources not only within but also from outside
the organization to develop a multidisciplinary
community in operation, technical and non-
technical solutions, and research. Selected
technology and infrastructure are inseparable
from individual abilities and preferences although
theoretically, human resources can learn new
things. However, our experience proved that the
more familiar technical environment will
accelerate the BIM adoption process and
therefore, the readiness of this infrastructure will
be closely related to the readiness of trained staff
in the organization.

We also noticed that some references strongly
suggest that a collaborative environment in
various contexts and regardless of the size of the
institution is essentially important and may also
accelerate the process of BIM adoption. Here, we
saw that technology and infrastructure, the
readiness of skilled trainers or human resources,
and knowledge organization that support the
entire process ranging from the preparation,
learning process, evaluation, and decision-
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making are additional keys for the successful
BIM adoption.
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