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Abstract
Most of today’s students have grown up with technology including computers, the
Internet, video games, digital recorders or players, and mobile phones.
Consequently, it can be argued these students are fundamentally different from
previous generations in how they learn. Today’s students prefer instantly seeing,
simultaneously interacting, and constantly communicating with learning
environments. They learn actively, rather than passively, by taking advantage of
technology.
Traditional construction engineering and management (CEM) education follows
the Cartesian view of mind-matter dualism where the learner and the learning
context are detached. Under this paradigm, concepts are presented as fixed, wellstructured, and independent entities. Learning activities are divorced from their
authentic context resulting in fragmentation and specialization of courses and
educational experiences. This fragility can be observed in school when students
neither retain nor are able to utilize knowledge allegedly acquired in previous
courses. These problems are not exclusive to CEM education, but shared by most
higher education models.
Traditional CEM education models, based on precisely well-defined problems and
formal definitions, may not be satisfactorily fulfilling their mission of educating
the leaders of tomorrow. Indeed, most students who use digital technology in
daily life still come to class, sit in front of the lecturer, and memorize concepts
without the proper context. Several efforts have been undertaken to develop
learning environments to cope with the limitations in traditional learning
paradigms which set up a dichotomy between the learner and the learning context.
A variety of advanced educational tools such as games and simulations using
innovative technology are examples of these efforts. This paper discusses the
need and use of games and simulations as educational tools in construction
engineering and management while proposing alternatives to the traditional
educational paradigm so that students experience concepts embedded in their
proper context promoting learning within the nexus of the activity.
Introduction
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Over the last few decades, technology has been rapidly developed and
disseminated. Most of today’s students have grown up with technology including
computers, the Internet, video games, digital recorders or players, and mobile
phones. The current generation of students is often called digital natives since
they use technology for social networking, blogging, communication, information,

collaboration, or competition. From this point of view, today’s students are
acquainted with support of technology in their learning process.
Bransford et al.9 state that different kinds of experiences condition the brain in
different ways. It can be argued that today’s students are different from previous
generations in the way they absorb, interpret, and process new information.
Ample experience with technology enables the current generation of students to
change their expectations with respect to the way they acquire knowledge. This
explains why today’s students prefer instantly seeing, simultaneously interacting,
and constantly communicating with learning environments.
By understanding the characteristics of today’s students, educators may take
advantage of new technologies to facilitate students’ learning. Specifically,
innovative technologies can be effectively employed to provide students with
collaborative, interactive, adaptive, inquiry-based learning environments.
Educators are expected to be willing and able to adopt technology’s power to
assist the students’ learning process. Consequently, students can learn actively,
rather than passively, with the support of technology in their learning.
Traditional Construction Education
Traditional construction education follows the Cartesian view of mind-matter
dualism where the learner and the learning context are detached7. Under this
paradigm, concepts are presented as fixed, well-structured, independent entities.
Learning activities are divorced from their authentic context resulting in
fragmentation and specialization of courses and educational experiences. This
fragmentation of knowledge has been identified in the construction domain12 and
is partially responsible for the polarization of the learner and the learning
context17. Decontextualized knowledge is intrinsically frail as demonstrated by
students who are capable of recalling information on a test, but unable to apply
the very same concepts in authentic practice10. These problems, of course, are not
exclusive to construction education, but shared by most higher education models.
Traditional construction education models, based on precise, well-defined
problems and formal definitions, may lessen the opportunities for today’s students
to explore real-world problems. McCabe et al.25 argue that current CEM courses
only teach the theories of construction engineering and management; thus,
students may encounter difficulties in applying theoretical principles when
exposed to real world situations. Furthermore, jobs in the construction industry
often require context-specific knowledge and understanding of inter-dependencies
among various elements. Traditional teaching methods are not fully capable of
providing students with the necessary skills and knowledge to solve problems
encountered in the real world 2.
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For students to experience problems in realistic situations, case studies and site
visits have been adopted by construction educators as a means to generate usable

and robust knowledge with partial success. However, case studies can give the
impression that there are easy-to-find and universally correct responses due to the
necessary simplifications32. Also, site visits of large groups may be unpractical
and involve risk15; hence, they may not be welcomed. Even though the
construction jobsite is available for students’ visit, it is not easy for educators to
control the construction phase targeted for learning objectives and goals.
In the traditional classroom, students are considered as passive learners into
whom knowledge can be transferred. Educators decide what students should
know through the standard lecture. In addition, many conventional curriculums
for CEM education rely on traditional teaching methods such as lecturing,
seminars, and group project work. In this informational learning, it is a
significant challenge for educators to get students engaged in learning.
Innovative and Transformative Learning
Construction can be defined as a highly complex system which has a wide
spectrum of interrelated elements with multiple feedback loops and non-linear
relationships. In addition, construction is a difficult environment to summarize
due to differences of scale, nature, environment, society, etc. For these reasons, it
has been a challenge for construction educators to provide learning environments
in which students can experience such complexity in the classroom. By taking
advantage of emerging technologies and their applications to the classroom,
construction educators have been continuously seeking a seamless way to cope
with these limitations.
Over the last decade, several efforts have been undertaken to develop learning
environments in order to overcome the dichotomy between abstract knowledge
and real-world context. Unlike traditional learning, innovative and transformative
learning focuses on providing students with practical experiences to explore the
problems they may encounter in the real world with the support of innovative
technologies.
According to Mezirow27, transformative learning may happen through
transformative experience when learners can examine their own practice based on
current experience, revise their own current view, and integrate this revised view
into a new practice. Taylor41 examines essential practices and conditions for
fostering transformative learning, and states that “Effective instructional methods
support a learner-centered approach and promote student autonomy, participation,
and collaboration.” 41 Today’s students can be actively involved in learning
through a wide range of technologies including blogging, podcasting, educational
software, computer-based games and simulations, and so on. Marton et al.24
describes that students, when being active learners, show a deep approach to
learning by seeking a personal and meaningful understanding of that learning.
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Learning through games and simulations itself emphasizes the learning process.
Games and simulations offer interesting and engaging learning processes where
students can actively participate, interact with others, and use their experience as
the context. Thereby, students are able to critically reflect about the content.
Games and simulations facilitate students’ reflection on those experiences to
empower them into altering their current perspectives.
In addition, through well-designed and developed games and simulations,
supported by innovative technologies, students can inexpensively practice
decision-making as well as problem solving in real-like contexts while having fun.
The use of games and simulations may create immersive and highly motivated
learning environments where learners interact with learning content and deeply
learn the target knowledge for transformative learning. From this perspective,
transformative learning is in conformity with a constructivism approach where
learners construct knowledge through their own experience in the world11, 14.
For innovative and transformative learning, educators should be prudent in using
games and simulations. Considering the targeted learning objectives and goals,
games and simulations should be implemented through proper strategies. It is a
challenge for educators to use games and simulations in appropriate instructional
settings as well as with the appropriate audience in the classroom.
Several efforts have shown the potential use of games and simulations to assist
CEM education and facilitate students’ learning. Particularly, computer-based
games and simulations can be considered as effective tools and proposed for
construction education 4, 37. The concept of games and simulations in construction
engineering and management is not a new idea in construction education. The
earliest approach to games and simulations as educational and training tools in
construction was the ‘Construction Management Game’5 which simulates the
bidding process in the construction industry. This model has inspired a variety of
research efforts in the area: CONSTRUCTO21, AROUSAL29, SuperBid1, Parade
of Trades13, Simphony20, STRATEGY25, The Construction Marketing Game8,
VIRCON22, ER28, and the Virtual Coach35. These efforts provide stepping-stones
towards creating interactive, participatory, and contextually rich learning
environments in CEM education.
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When new technology is involved in CEM education, changing instructional
approaches may be more challenging. However, the availability of infrastructure
for the use of technologies in instructional settings will enable educators to create
innovative and transformative learning environments for today’s students.
Educators need to be aware of available technologies in the construction domain,
which can be used to facilitate students’ learning through games and simulations.
The following section explores state-of-the-art technologies that have been
proposed in the construction domain in order to understand what kinds of
technologies lend themselves to games and simulations in CEM education.

State-of-the-Art Technologies for Games and Simulations in Construction
Virtual Reality (VR)/Three-Dimensional Computer Graphics (3D CG) have been
used in the construction domain for worker training42, safety training39, site layout
considering productivity and safety40, and design evaluation38. It is obvious that
advanced 3D CG/VR technology can be employed to improve CEM education
through the use of games and simulations.
Many research efforts have explored and exploited sophisticated 3D CG/VR
technology in construction. For example, Kamat and Martinez23 developed
‘VITASCOPE’ which is used for 3D dynamic construction process simulations to
effectively manage complex construction operation processes in 3D virtual
environments. In addition, 3D computer models have been used to increase the
speed and quality of design review. Simultaneously, 4D computer-aided design
models as a construction tool have been developed to create more flexible and
dynamic 4D simulation environments of construction progress. 4D modeling
provides a mechanism to visualize elements of 3D computer-aided design models
based on associated schedule intervals34. Through 4D simulation environments,
project teams can virtually practice the construction of a unique artifact before
building it in reality for the purpose of detailed work planning and coordination of
multiple trades in a dynamic and uncertain project environment16, 31.
Over the last five years, Building Information Modeling (BIM) technology has
been highlighted. BIM is the product of a long evolution in computer modeling
as a mainstream technology19. BIM technology enables us to model the form,
function, and behavior of building systems and components36. Furthermore, BIM
technology enables project participants to communicate and take advantage of
project information such as job costs, construction schedules, and project quality
without paper drawings or documents.
Since the first Head Mounted Display (HMD) in 1965, the rapid development of
computer technology, information display technology, and human interface
technology has made Virtual Reality (VR) a suitable technology for many
different kinds of tasks. Aukstakalnis and Blatner6 describe that VR is an
effective way in which humans can interact with computers and directly
manipulate objects in the virtual world. VR environments can be split into nonimmersive VR (represented by ordinary desktop VR) and immersive VR.
Ultimate VR environments completely immerse the user’s personal view inside
the virtual world through HMDs or Cave Automatic Virtual Environments
(CAVEs), and interact with the environments.
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These state-of-the-art technologies offer great potential for the development of
games and simulations in CEM education. In such learning environments,
students could physically interact with the virtual environment and their reactions
to various real-like problems could be analyzed26.

A Vision for Game- and Simulation-Based Learning
Technology has significantly changed the way information is created, accessed,
sorted, and disseminated. However, over the last decade, learning environments
in CEM education have seen little change as a result of these advances.
Academic institutions of higher education have been conservative in responding
to change, and many researchers have written about the slow rate at which
academic institutions embrace innovation18.
As stated before, the current generation of students is technology savvy. They
take technology for granted as it has an important presence in their daily lives.
However, technology’s impact on today’s student learning has been far from
revolutionary. Most educators and even students may regard course-related
innovations and technology adoptions in learning environments as separate
domains. In the near future, this paradigm will be increasingly difficult to sustain,
especially where academic institutions move toward innovative educational
models.
Learning approaches based on games and simulations that use the latest state-ofthe-art technologies can generate practical innovations in CEM education. As
dynamic, interactive, and heuristic learning models, learners bring their prior
skills and knowledge to the table and have to cope with certain challenges such as
resource constraints in a dynamic context. Through games and simulations,
learners are encouraged to construct multidimensional domain knowledge as well
as develop several cognitive skills such as critical thinking, problem solving, and
decision making, while understanding the consequences of their actions and
decisions.
Successful learning opportunities can be created when following this
constructivist theory3. Game and simulation learning is based on constructivist
theory where “trial and error” is a primary source of knowledge acquisition. This
approach holds the great possibility of providing today’s students with innovative
and transformative learning environments in CEM education. Unlike structured,
instructor-driven learning, the learner-centered approach using games and
simulations can assign more importance to external resources and learning
communities to supplement their approaches to learning contents. Therefore,
games and simulations for educational purposes can be used as powerful tools not
only to increase the learner’s active engagement and participation in learning, but
also to enhance motivation and self-directed learning processes.
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We argue that CEM education has to look beyond today’s learning environments.
Academic institutions must be committed to the continuous evaluation and
adoption of innovative technologies and to the pursuit of opportunities for
collaborations in an interdisciplinary environment that combines the strengths of
subject matter experts, instructional designers, and others. Innovative and
transformative learning environments in CEM education can usher in a new age

of high-quality learning experiences, emphasizing the delivery of innovative
courses.
Conclusions
Prensky33 states that today’s students who use digital technology in everyday life
actually think differently, not just think about different things, since different
kinds of experiences lead to different brain structures. Based on this fact,
educators need to thoughtfully rethink today’s learning environments, which are
still based on traditional pedagogies. In addition, AbouRizk and Sawhney2 point
out that traditional teaching methods are not fully capable of providing CEM
students with the necessary skills and knowledge to solve real world problems
encountered in construction. This realization has moved several researchers to
explore alternatives where learners can actively participate in the learning process.
Students should practice problem solving in environments where concepts are
embedded in their proper context.
To cope with these limitations in today’s learning environments, we propose the
use of games and simulations to provide today’s students with adventure learning
experiences in interactive and immersive 3D virtual environments. In such
learning environments, students may be able to get deeply involved in
participatory knowledge creation across networks of dispersed learners and
learning communities30. By creating innovative and transformative learning
environments, the following outcomes can be expected:
§
§
§
§
§
§
§

Simulation of real-world processes
Exploration of choice and consequence with complex variables
Deep understanding of the targeted knowledge
Self-directed learning
Peer-to-peer teaching opportunities
Highly motivated and engaged learning environment
Autonomous thinking through meaningful perspectives

However, as promising as the use of games and simulations appears to be for
learning environments, there are several major challenges researchers might face
when developing games and simulations. One of the biggest challenges is likely
to be the integration with traditional learning contents. Furthermore, developing a
long-term strategy for game and simulation-based learning is one of the most
important decisions construction educators and CEM programs can make as it
will have a significant impact on the community for decades to come.
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In conclusion, this paper explores the potential use of games and simulations for
innovative and transformative learning with the goal of improving CEM
education. Innovative technologies have been employed in various fields for
worker training, safety training, design evaluation, and military training. Games
and simulations can be incorporated into instructional settings to play a

scaffolding role in new knowledge discovery and skill acquisition. The evolution
of the game and simulation-based learning approach, in CEM education, can be
an excellent example of the innovative and transformative pedagogy that most
academic institutions aspire to.
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