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Abstract—Projects in the construction industry involve 
multidisciplinary collaboration between the disciplines of 
architecture, engineering, and construction (AEC), and others. 
Conventionally, the collaboration between these disciplines relied 
on the recurrent exchange of relevant drawings and documents. 
Building information modeling (BIM) as a model-based process 
has given AEC professionals the tools to more efficiently plan, 
design, construct, and manage buildings and infrastructure. Yet 
the AEC industry has been reluctant in fully adopting the BIM as 
a single standard. This study explores and identifies the bottlenecks 
in adopting BIM as a single product lifecycle standard in the 
construction industry and advise on educating new engineers 
to become the generation to use a virtual collaborative working 
space covering the entire building lifecycle. Two conducted surveys 
targeting the AEC academia and industry revealed the needs 
for multilevel cross-disciplinary interactive collaborative BIM 
process modeling, and skilled workforce to increase the graduates’ 
marketability and BIM adaptability. It is concluded that the new age 
collaborative culture requires new generation of AEC players that 
are enabled to work on a shared virtual product model supported 
by proactive BIM skills learned through undergraduate programs.

Index Terms—Architecture; engineering; and construction 
collaboration, Building information modeling, Building lifecycle, 
Education, Integrated design.

I. Introduction
Population is increasingly choosing concentrated urbanism 
where the demand for various services is growing exponentially 
to accommodate life. Sustainable cost-effective buildings 
with longer lifespan are at the center of these services. In 
response to these, the construction industry has adopted 
various measures such as rapid industrial building techniques. 
It is evident that such techniques have been commonly 
used in manufacturing industries for decades. However, the 

use of industrialized construction is also expanding in the 
architecture, engineering, and construction (AEC) industry in 
the form of building information modeling (BIM) to improve 
planning, design, construction, and collaboration for increased 
sustainability, lower costs, and broader safety throughout the 
lifecycle (Dassault Systèmes, 2014).

The US National BIM Standard defines BIM as a “digital 
representation of physical and functional characteristics of 
a facility; shared knowledge resource for information about 
a facility forming a reliable basis for decisions during its 
life cycle; also defined as existing from earliest conception 
to demolition” (NBS-US, 2015). A basic idea of BIM is a 
collaboration by all actors involved in the building process 
throughout the lifecycle. The information in the BIM can be 
extracted, updated, or modified to support and reflect the roles 
of an actor (Bazjanac, 2006). Therefore, BIM is information 
modeling and information management in a collaborative 
digital working environment for the AEC building process. 
BIM creates a product model based on collective efforts of 
a coordinated working process using responsive technology 
which makes it a collaborative e-working environment by 
nature.

Olofsson, et al. (2008) stated that the major key advantages 
of BIM are that allow the development of detailed information 
and analysis at a very early stage of the building process to 
improve decision making and reduce cross-discipline changes. 
The primary benefits of early stage engagement of BIM 
that can be identified are “(1) rapid visualization, (2) better 
decision support upstream in the project development process, 
(3) rapid and accurate updating of changes, (4) reduction 
of labor required to establish reliable space programs, 
(5) increased communication across the life cycle, and 
(6) increased confidence in completeness of scope” (Manning 
and Messner, 2008). Their study of using BIM in some 
projects reveal clear improvement in engineering design 
quality, in terms of more accurate drawings, and steadily 
increasing improvement in labor productivity.

It is evident that the AEC industry is highly 
interdisciplinary by nature that requires multidisciplinary 
instructions in the design process. Globally, the AEC 
companies are required to build more rapidly, be sustainable, 
improve quality, and satisfy the environmental regulations. 
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These constraints are currently leading cultural changes in 
the way, the AEC industry is managing projects (Dassault 
Systèmes, 2014). BIM is facilitating the core of these 
cultural changes. However, BIM is not simply a type of 
software but a process that includes multidisciplinary actors 
that need to work collaboratively to generate and manage 
all-inclusive building data. Not only do BIM represents a 
three-dimensional intelligent model of the building but also 
“making significant changes in the workflow and project 
delivery processes” (Hardin, 2009). This brings all previous 
fragmented subprocesses to one inclusive platform.

Although understanding and mastering the concept of 
a multidisciplinary virtual working environment based on 
a single shared product model will by nature bring AEC 
industry closer than ever, unfortunately today in AEC industry 
BIM potential is mainly used in isolated design tasks and not 
for a sustained collaboration process (Thomassen, 2011). 
This is despite all the increasing usage of digital devices in 
everyday life, but still the concept of BIM has taken more 
than 20 years to become the preferred process of the industry 
in some degree today (Eastman, et al., 2008). Therefore, the 
focus of this work is to investigate the current views on how 
BIM can affect the collaborative concept of AEC industry, 
and in what way the adaptability of the industry toward BIM 
implementation can be increased.

BIM is not only about how a shared e-working space work 
technically but also how to act and play a role in such an 
environment. Therefore, the rules of conduct by actors have 
direct relation with their level of BIM understanding and 
skills.

The study aims to explore the collaboration concept of a 
shared digital model using BIM among AEC professionals 
through conducting surveys to examine the state of adopting 
BIM as a collaboration tool mainly in the UK and make 
recommendations for the best possible path to promote BIM 
as a single working environment and increase its usability.

II. Methodology
This research collects data from literature to find out 

current directions in BIM implementations and value for 
rational collaboration in the construction industry. After 
the initial studies, further data were collected through two 
surveys to identify the industry’s state of engagement with 
BIM and their expected collaboration frameworks. They 
were asked to state their expectations, practical needs and 
views and the possible impact in collaborative work within 
the same organization or cross organizations with significant 
geographic distribution using BIM environment. The second 
survey dealt with validation of the existing undergraduate 
programs to understand the future graduates’ basic capacity to 
work in a BIM oriented collaborative working environment as 
well as culture of BIM concept in education. Findings from 
the two surveys were used to identify shortcomings in the 
capacity building for a BIM oriented working environment. 
This includes BIM and team collaboration within the 
construction industry context, BIM management, web-based 
collaborative solutions, and cloud computing.

III. Industry’s Collaboration Needs
BIM is one of the most promising developments in 

the AEC industries (Eastman, et al., 2008) where cross 
multidisciplinary collaboration and exchange of large 
building data are required. Conventionally, the means for 
collaboration sense between actors have been based on 
the repeated exchange of two-dimensional drawings and 
documents in form of hard or electronic copies. The long 
experience of the AEC industry shows that cross-disciplines 
engagements in preparing of model details and workflow 
at an early stage of a project are vital to successful design 
collaboration. However, during the past decade, the global 
adoption of computer-aided design (CAD) tools has paved 
the way for BIM as reliable alternative for early interaction 
acts in AEC projects processing (Singh, et al., 2011).

Singh, et al. (2011) showed that the expectations of BIM 
as a tool for collaboration are directly dependent on the 
construction industry’s disciplines. For design disciplines, 
BIM is more an extension to CAD, whereas for others such 
as contractors and project managers, BIM is an intelligent 
shared document management system that can quickly 
take off data from CAD packages directly. However, the 
visualization of the shared product model is an import 
requirement across all disciplines, which today makes BIM 
an important factor in collaboration across the AEC industry.

AEC industries struggle to more productive collaboration 
is not only about the technological requirements for 
multidisciplinary interactions but also replacing the long 
tradition of acting task-based working environment with a 
new responsive culture of shared electronic product model 
that brings everyone together with provide adequate support 
for their particular discipline. Therefore, the success of BIM-
based collaboration is directly depending on the adaptation 
and mindset ability of working in such a shared environment.

In a series of workshops and interviews that were carried 
out by Bhargav and Lauri (2009) with various building 
project actors, the following requirements were identified that 
provide basic insight into what collaborative act means to 
people involved and how it can be realized. They would like 
to be able to share ideas in real time, be able to collaborate 
on a common platform, be able to discuss an idea in a simple 
way, post any sort of related documents, to search within 
solutions and previous exchange/documents, ease of use and 
intuitive interface. These requirements are summarizing the 
human understanding of the chain of analyzing, processing 
and decision makings of data in relation to collaboration on a 
common product model.

Azhar (2011) reveals analyses of the status of BIM in 
the AEC survey market in the USA and mentions that the 
AEC industry still relies very much on traditional drawings 
and practices for processing their projects. At the same 
time, AEC professionals are realizing the power of BIM 
for more efficient and intelligent modeling and meaningful 
collaboration. Most of the companies using BIM reported in 
strong favor of this technology. The survey findings indicate 
that users want a BIM application that not only benefits from 
the powerful documentation and visualization capabilities 
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of a CAD platform but also supports inclusive design 
and collaboration acts. Consequently, BIM as technology 
is improving, and solutions in the market are continuing 
to evolve as they respond to the user’s specific needs 
(Azhar, 2011).

Many studies are focusing on single disciple such as Shin 
(2017) and Kaner (2008) also confirmed that BIM and its 
impact in contributing to collaborative product design from 
various perspectives. They studied the impact of BIM on the 
structural engineering collaboration process and concluded 
that the work efficiency and the quality of the buildings 
improved when BIM collaboration was used for structural 
information.

Eastman, et al. (2008) introduces a comparison model 
based on wide studies on real AEC project to illustrate 
the importance of the data losses during the lifecycle of 
a building in a traditional paper-based process against a 
collaborative BIM-based delivery process (Fig. 1).

It is clear that the AEC industry as a whole has come 
to terms with the impact of BIM and the necessity for 
closer interactions in future product model processing. This 
product model will become the hub for interaction between 
all actors from concept to end of the lifespan. In other words 
an object-based product modeling with detailed intelligent 
building data. Therefore, governments around the world 
are setting out rules and regulations to lead the industry to 
full BIM adoption path to single AEC product modeling 
standard in targeted implementation BIM levels 0, 1, 2, and 
3 (Fig. 2).

The UK BIM strategy was reinforced in 2011, which 
directed the construction industry to make BIM mandatory 
on all public projects by April 2016 to at least “level 2” 
BIM maturity. The concept of “BIM levels” (and “BIM level 
2 compliance”) has become the “accepted” definition by 
industry, by seeing the adoption process as the next steps in 
a process that has taken the AEC industry from the drawing 

boards to the CAD and, finally, into the shared product model 
in the digital age (NBS, 2014).

According to NBS, 2014, BIM levels are a government 
adoption process from a level to the next level for moving 
the construction industry to “full” collaborative working in 
a progressive, distinct, and recognizable way. Mills (2015) 
states these levels run from 0 to 3 are used as reference 
measures of BIM maturity.

However, the current collective historical experiences 
and requirements in AEC industry have brought to live the 
concept of level 3 BIM which represents a full collaboration 
between all disciplines on a shared product model in a 
common working space. All parties can access and modify 
the shared model with anticipated rights and dependencies 
that eliminates the risk for conflicting information, which 
allow collaboration between actors (Khanzode et al., 2008).

BIM level 3 extended collaboration and product lifecycle 
management tools can minimize waste and costs, improve 
sustainability, and lower the overall building process cost as 
well as introducing a new culture of AEC collaboration.

IV. Survey and Analysis on AEC Collaboration
The BS 1192:2007 and the complementary document 

PAS BS 1192-2:2013 state that the collaboration between 
the participants in construction projects is vital to the 
efficient delivery of product models. The guidelines provide 
instruction to the AEC industry which is increasingly 
working in new collaborative environments to achieve 
higher standards of quality and extending reuse of existing 
knowledge and experience (BS 1192, 2007).

Currently, in the majority of real-life AEC projects, the 
collaboration act taking place as the user of a tool in one 
discipline will import IFC models from other disciplines 
to their local computer application. If there is an problem 
related to one of the imported models, the best response by 

Fig. 1. Data integrity (Eastman, et al., 2008): Graphic presentation of the data losses during the lifetime of a building in a traditional paper-based 
process versus a collaborative building information modeling-based delivery process.
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the user is to report that problem so they can be resolved 
in the original BIM authoring application from where this 
model originated (Stangeland, 2011).

Azhar (2011) carried out a survey to understand the current 
and future trends in collaboration, from a practical view. He 
explained that the study disclosed a number of concerns in 
today’s collaboration conduct which circulated toward “process, 
technology, and people related problems” (Azhar, 2011). 
However, it is evident that the diversity of existing collaboration 
systems, compatibility problems, “training and learning curve, 
controlling the BIM, change and version management in 
models, ownership and responsibility of model data, intellectual 
property rights, reliability of model contents and the volatile 
nature of models, and uncertainty of the BIM market” obstruct 
the scope of BIM collaboration (Shafiq, et al., 2012).

This study carried out two parallel surveys to evaluate 
the current position in relation to the concept of BIM 
implementation and collaboration in the AEC industry 
and academic institutes. The study managed to collect 280 
responses from academics and 89 from the industry. The 
survey was a parallel study between the UK and Kurdistan 
Region of Iraq (KRI) where only 39 academics responded 
and no companies responded to the survey. However, over 
70% of responders to both surveys believed that collaboration 
is only meaningful when a common platform for real 
interaction exists (Fig. 3). At the same time, 85% said there 
should be a motivation in place for adjoining new technology 
that supports active collaboration as for the moment; the 
trends are very slow and not preferable. Many identified 
BIM as an emerging process empowering more meaningful 
collaboration in the right direction.

Over 72% of the participants agreed that collaboration 
through the BIM platform increased their overall productivity 
and quality of this project outcome. This understanding 
indicated to be directly related to simple, available, and 
sensible communication tools that eliminated the redoing 
and recurrent tasks. Many respondents believed that using 
BIM brought changes to their normal routine work and they 
acted differently accordingly to fit within the circumstances. 
However, the AEC industry still faces many challenges 
to adopt BIM strategies as a single alternative for project 
processing. The majority of the respondents indicated 
that lack of knowledge and clarity, leadership strategies, 
motivation, and lack of training are among clear reasons 
behind the slow adoption of BIM (Fig. 4).

This shows that there are clear indications that the 
virtual collaborative working environment requires a new 
type of skills that directing the new generation project 
processing more effectively. Howard and Björk (2008) also 
advocate the reforming of the building process rather than 
focusing on new technological concepts; therefore, with 
BIM implementation, there is a requirement to engage a 
new BIM skilled role within the multidisciplinary team 
to overview the coordination of the process model. Such 
perception of the future AEC project processing has 
led to many new adjustments in how the public sectors 
are engaging the AEC with their projects. The AEC 
industry market statistics show that the UK Government’s 
requirements to use BIM in projects have led many 
organizations adopting BIM for the first time (Eadie, et 
al., 2015). Therefore, there is a tremendous pressure on the 
AEC industry to increase their marketability and working 

Fig. 2. An updated building information modeling maturity model from computer-aided design to building lifecycle management (Dassault Systèmes, 
2014).
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Fig. 3. Majority of respondents believed that a common platform, simplicity, and clarity in actions are empowering meaningful collaboration.

Fig. 4. Architecture, engineering, and construction industry’s challenges in adopting clear building information modeling strategies.

fashion by engaging in next BIM level 3 and bring further 
closer all-inclusive collaboration in shared electronic 
working space that has positive impacts throughout the 
lifecycle of the product model.

V. Shared Product Model on BIM-cloud
All AEC software vendors have built software to fulfill 

their specific tasks and talk to a computer but that does 
not necessarily mean they talk to other actors involved in 
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the design process. As a result, the computer and human 
communication on the same design product is immensely 
isolated.

The global nature of the AEC industry and the international 
treaties focusing on the industrial impact on carbon emission 
levels govern a new concept of industrialization of the 
AEC industries. To keep a proactive role in this new era, 
all global players need to get involved and have a common 
roadmap and be competitive in the wider market with a new 
strategy.

Evidently the AEC industry tends to realize such strategy 
by putting a model at the center of the project and creating 
BIM, which will be possible to engage with deeper 
information into the cost and constructability. Therefore, 
connecting actors and technologies used in the instruction 
will make it possible to work smarter and make better 
decisions (Autodesk 2015). These trends are clear indications 
for Software Industry to respond accordingly.

Software vendors specializing in providing tools to the 
AEC industry led by users’ requirements and the rapid 
advancement of IT are pushing for better marketability in a 
dynamic ever-changing market. They are looking for easy 
access scalable products; therefore, the cloud computing 
has opened a limitless possibility for innovative software. 
Simply explained, cloud computing is providing computing 
services such as storage, databases, software, and more using 
the Internet “the cloud.” With the internet accessibility, usage 
and reliability on the rise it is practical to use a network of 
geographically distributed servers hosted on the internet to 
store, manage, and process data, rather than a local server or 
a desktop computer. This has made cloud computing to a key 
aspect of realizing BIM level 3 by the future for the industry 
that allows for real time multidisciplinary remote access 
collaboration within an ultimate internet browser-based BIM 
environment.

Singh, et al. (2011) defined a BIM shared working 
workspace as a collaboration platform that retains a repository 
of the entire building data. However, he reported many 
practical problems in using such platforms that have a direct 
impact on the collaboration process. These shortcomings 
identified mostly in role dependencies and responsibilities, 
which are critical to the setup and access to the integrated 
BIM model as well as interactive help functions within 
general (Singh, et al., 2011).

There are clear indications of cultural changes in 
the construction industry, in particular, the concept of 
collaboration and its impact on budgets and product 
lifecycle, which are now addressing Singh, et al. (2011) 
concerns. Currently, many specialized companies are already 
providing solutions for the entire construction lifecycle 
inform of collaborative platforms to facilitate the engagement 
around shared product models and documentations, such as 
Aconex (aconex.com), TeamBinder (teambinder.com), and 
Tekla BIMsight and RIB (rib-software.com.au). Company 
such as Aconex claims that they have processed 16,000 
projects of $1 trillion in value from 70 countries with greater 
geographically distributed nature (Aconex, 2017). At the 
core of services provided by these companies lays the new 

trend in working with shared BIM and data interoperability 
that the IFC data set provides. Such a shared product model 
concept was advised and tested already in small scale by 
implementation and evaluation of a virtual collaborative 
design environment system at the University of Nottingham 
back in 2005 (Roshani and Tizani, 2005).

However, despite the construction industry’s recent 
advances in technology adoption, overall management of 
those tools remains irregular, and the adaptation process 
is very slow. According to a recent survey of construction 
industry professionals and academic community by this 
study, 72% said that they have collaborated using BIM in 
some form in their line of work, but only 55% has received 
any sort of BIM training, whereas over 65% agreed that 
using BIM has improved company’s overall productivity 
and project outcomes. In comparison between common 
software programs and cloud-based systems, the responders 
believed that the current available software caused data 
duplication problems, redundant activity, and wasted time. 
Further, 45% found accessing the latest set of documents 
and having the most current information to be a challenge. 
Nonetheless, more than 90% said that cloud technology 
is the most practical option for the industry although they 
showed a moderate level of confidence in BIM level 3 
(Fig. 5).

There is a huge difference between the requirements for 
collaboration within a single discipline and collaboration 
across multiple disciplines within one office and multiple 
offices. Azhar (2011) emphasizes as we are leaving behind 
the requirement for BIM levels 1 and 2, the industry has 
overcome the obstacle of common data format and moving 
toward a shared product model. Nevertheless, the existing 
AEC collaboration model which works for documents 
but for model collaboration, has created a legacy mindset 
in the industry that needs to be replaced with “a new 
concept for virtual collaboration that promote new culture 
for collaborative working environment which will align 
model collaboration with a redefined industry collaboration 
protocols” empowered by BIM in cloud computing. The 
shared cloud-based product model should also provide 
multiple users with all-inclusive collaboration operations on 
model data simultaneously (Azhar, 2011). This will decrease 
the risk for conflicting information.

VI. BIM and Education
The construction industry has been struggling to maximize 

its productivity, quality and sustainability and, at the same 
time, minimize their wastes and loses. In a marketing 
research Forbes and Ahmed (2010) found that only 30% 
working tie in the construction industry is effective and 
the rest is wasted (Forbes and Ahmed, 2010). Concerning 
that labor productivity level in the construction industry is 
almost the same as 100 years ago and yet globally 75% of 
construction work is not finished on time, the industry is 
looking for a digital revolution to speed up its productivity 
and bringing the cost down (E-Difice, 2017).
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However, various market analyses and the study shows that 
building performance and operation are immensely improved 
by adopting BIM (Azhar, 2011), but when new technologies 
are adopted more work practices and learning needed to adjust 
to the new cultural environment. Therefore, moving beyond 
the software concepts, a whole new institutional workspace 
is created which means more intense collaboration between 
different disciplines that require fundamental changes in their 
way of working and acting.

Despite a common definition, we generally notice that 
BIM emerges differently to different people which are the 
source for failed collaboration culture. This is caused due 
to various pathway of BIM implementation, training, and 
engaging of workforce strategies across the AEC industry. 
However, with the current increase of design complexity 
globally, it is urgently required to bring closer the academic 
collaboration of the disciplines involved in the design and 
construction process (Poerschke, et al., 2010) for a common 
BIM ground to empower future graduates engaging in the 
industry.

Isolation of AEC students within discipline-specific 
education programs, departments, and schools has impacted 
on graduates’ ability to function within interdisciplinary 
design teams when they enter the industry. Not only new 
graduates commonly hindered by poor cross-disciplinary 
communication, coordination, and negotiation skills but 
also they emerge from educational institutions with a 
narrow perception of what it means to participate in the 
design process as a member of their specific discipline. 
Understanding the goals and constraints of other disciplines 
is key to working well in cross-disciplinary projects. They 
have still not become a common setting since they are 
challenged with coordinating different learning objectives, 
curricula schedules, and teaching responsibilities, as well as 
different research and design cultures that exist among the 
disciplines (Fruchther et al., 2003).

Education is an essential part of successful BIM adoption, 
which is becoming widespread in the AEC professions, 
and it is increasingly expected from graduates to know this 
technology. Attempts to cultivate collaboration between 
departments such as architecture, architectural engineering, 
civil engineering, and other design disciplines have been 
ongoing for decades (Fruchter, 2003). Academia should not 
only react to this expectation but also should take the lead in 

researching the effects of BIM concerning, for example, the 
changes of collaboration structures, business models, and the 
design process. (Fruchter and Lewis, 2003).

However, introducing the integrated environment and the 
use of BIM within undergraduate AEC programs will lead to 
an intensive collaborative educational experience for students 
of the involved disciplines and to the mutual understanding 
of technical and social aspects of a collaborative design 
process which is an increasing prerequisite of graduate 
marketability.

The EUBIM (2016) Task Group which is leading the 
European efforts to common BIM strategies and digital 
construction industry devise that “in order to create capacity 
in the effective and consistent use of BIM, training providers 
and academia need to be equipped with a common definition 
of the target behaviors expected by the BIM program.” 
Without a consistent definition of the required skills, it is 
likely that training providers and academia will not be able to 
develop a sufficient capacity of capable skilled professionals 
for futuristic construction industry.

In single isolated attempts, it would be unproductive and 
cost ineffective for the BIM action group to develop industry-
wide BIM training courses and training materials. Therefore, 
it is more desirable to develop a skills framework that layout 
feasible learning outcomes which industry and academia can 
then respond to by developing courses and materials with 
target requirements.

The obviously common understanding, common 
data exchange, common ways of working will create a 
foundation for consistent upskilling, training, and education 
that regulate the future market. This study conducted a 
survey among academics and students of AEC disciplines 
at several universities in the UK and the KRI to understand 
the current trends and understandings related to BIM in 
higher education. The survey received 280 responses in 
total, namely 241 from the UK and 39 responses from KRI 
academics.

Analysis of the respondents revealed that 86% of the 
respondents had a good level of understanding of BIM 
concept and value whereas only 43% had ever been engaged 
in a BIM-based project processing. However, over 90% of the 
respondents strongly believed in skill values gained through the 
BIM curriculum in graduates’ marketability. Over 82% agreed 
that adopting new technologies in the construction industry 

Fig. 5. Level of confidence in various building information modeling level among the professionals and academics responders to the survey of this 
study.
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is directly related to the graduate’s relevant skills when they 
start their careers, therefore, they confirmed that the future 
trends are good reasons to adopt the new technologies in their 
curriculums (Fig. 6). Yet 85% of respondents confirmed that 
lack of deep knowledge, clarity and right skills of BIM have 
hindered the higher education to integrate the BIM in their 
programs, especially in more technical disciplines.

The overall knowledge about BIM level 3 and the concept 
of cloud computing appeared to be very low among academics 
and students. Nearly 87% of respondents said that they are not 
confident about BIM level 3 and they do not know what cloud 
computing means to implementation BIM level 3 or advance 
shared product model. They also see the lack of knowledge and 
clarity of BIM related problems as major indicators not providing 
BIM education at their universities (Fig. 7).

However, it is a huge gap between different level 
of performing BIM strategies in higher education and 
the AEC industry which does not show many changes 
despite the increasing e-resources in our daily life. “This 
is counterproductive to the overall strategic role and 
contributions of HEIs to the ongoing BIM digital revolution 
in AEC industry” (Khosrowshahi, et al., 2015). Furthermore, 
an earlier study by BAF in 2015 revealed that 40% of 
questioned academic institutes considered themselves not 
adequately informed on BIM and the UK Government 
implementation strategy of BIM levels.

Embedded BIM in undergraduate programs will have a 
direct impact on the program structure to enable the BIM 
model to empower learning but adopting this strategy still at 
a very slow pace (BFA, 2013).

Fig. 6. Academics see the future trends a good reason to adopt new technology.

Fig. 7. Academic indicating lack of clarity and knowledge in building information modeling as major bottlenecks in providing building information 
modeling education.
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The BAF (2013) guidelines are providing expected learning 
outcomes on different levels of knowledge and understanding, 
practical skills, and transferable skills for embedding the 
BIM into undergraduate and postgraduate programs, but this 
has not been widely used by educational yet.

VII. Recommendations
It is now widely acknowledged that the productivity and 

economic benefits of BIM to the AEC industry widely known 
and the technology to utilize BIM is rapidly advancing. Yet 
BIM adoption has been much slower than anticipated (Azhar, 
et al., 2008 and ARC 2015).

The EUBIM handbook put this in realistic figures and 
states “if the wider adoption of BIM across Europe delivered 
10% savings to the construction sector then an additional £115 
billion would be generated for the £1.2 trillion market. Even this 
impact could be small when compared with the potential social 
and environmental benefits that could be delivered to the climate 
change and resource efficiency agenda” (EUBIM, 2016).

BIM adoption would ultimately impose a change in the 
existing project processing and the whole culture of tradition 
AEC engagement. An integrated model development needs 
greater remotely collaboration and communication across 
disciplines that need to make sense of a virtual world. 
This means that a different approach to product model 
development is required in a virtual collaborative setting 
where all relevant factors contribute to a single shared model. 
This is a resolution for dynamic construction industry.

To make BIM more feasible for such a dynamic 
construction industry the shared collaborative environment 
need to facilitate variety organizational concepts to be 
selected that suit all standard data management, possible 
structural and project requirements and accommodate 
different business models to suit varied industry needs out 
of the package which is collected and shared from global 
project processing experiences.

However, these changes in the historical habits of the current 
industry require actors that have an educational and training 
background to understand that the culture of virtual working 
space collaboration in the sense of time and location. Such 
cultural education cannot be achieved through fragmented 
seminars but through programs of undergraduate degrees with 
marketing learning outcomes (Zhang et al., 2016).

In accordance with propagating the new culture of 
working, the industry needs to identify shortcomings and 
remove or redefine hurdles for the use of digital data in 
relation to liability, ownership, and rights that constrain 
benefits resulting from the wider adoption of BIM in a new 
ideal future working environment.

Hopkirk (2017) as well as this study reveals that currently 
there is BIM skills shortage among large companies in the 
UK. The survey indicated whereas large companies admitting 
the financial gain of using BIM but they cannot always find 
the skilled workforce they need (Hopkir, 2017). This clearly 
shows how the future architect and engineering should be 
educated with greater marketability in mind to speed up the 
industry adoption of BIM.

Nevertheless, the problems related to using BIM can 
be categorized into logistical and technical concerns. For 
the industry to move forward, the concept of ownership 
and intellectual property rights need to be changed. As the 
technical definition of product models has been fragmented 
to the smallest process and elements, then the ownership 
needs to be defined as one actors’ specific action on these 
fragmented elements that are digitally signed rather than the 
whole product model. To facilitate such understanding and 
prevent disagreement over intellectual property problems, 
the best solution is to redefine the concept of ownership in a 
virtual working environment and educate actors with a new 
mindset for ownership rights and responsibilities that suit the 
future of the construction industry.

VIII. Conclusions
This study has evaluated the awareness of BIM in general 
and the problems surrounding the adoption process of BIM 
in AEC industry and the future AEC collaboration concept 
in particular. The study has identified the essence of the 
multidisciplinary collaborative working environment in an 
AEC virtual working space sharing a BIM-based product 
model and reflects a realistic capacity building for future 
construction industry professionals. Despite huge public and 
private investment in BIM related knowledge transfer, the 
adaptability pace has been slow. However, the success of 
a collaborative BIM-based project processing depends on 
group adoption by the actors that are expected to participate 
in the collaboration scenarios. Even though the NBS (2016) 
report revealed that 86% of respondents expect to be using 
BIM on at least some of their projects in 2016/2017, the 
working culture is far from the concept of single standard 
project processing. The future AEC engineers hold the key 
to making BIM the only method of processing a building 
project. Therefore, education delivery needs to evolve to 
accommodate all aspects of BIM processes throughout 
the product model lifecycle. In this approach, there is a 
clear need for a more rapid shift from historical habits of 
construction process practices to more desires futuristic BIM 
e-collaborative shared working processes.

The findings of this study provide useful information 
for AEC educational routes and industry considering 
adopting future level 3 BIM working strategy. The future 
of the construction industry is ever more defined by BIM 
advancement which is both exciting and challenging. It is 
obvious that BIM will enhance and redefine the collaboration 
as we know it and bring the AEC industry to much closer 
interdisciplinary actions and eventually lead to improved 
overall performance with a greater impact on the building 
lifecycle. This requires a closed-loop between AEC 
educational institutes, companies, and tools developer.
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