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The emergence of immersive technologies, such as virtual reality (VR) headsets, has revolutionized the way we
experience the physical world by creating a virtual, interactive environment. In the field of education, this
technology has immense potential to provide students with a safe and controlled environment in which to

experience real-world scenarios that may be otherwise unfeasible or unsafe.

immersive technologies virtual reality technical education

| 1. Introduction

Engineering education amalgamates related research and technical education to foster technological and
educational innovation, thereby enhancing problem-solving abilities and creativity among recent graduates entering
the technical workforce. The 2019 Degree Survey by the Ministry of Education (MoE) in the United Arab Emirates
(UAE) identified engineering as the most sought-after degree program. According to the Knowledge and Human
Development Authority (KHDA)—MOoE, over 9000 engineering students are currently enrolled in various institutions
across the UAE, and this number is anticipated to significantly escalate [Xl. These statistics underscore the

criticality of a technically skilled workforce and the indispensability of quality engineering education in the UAE.

Conventional approaches to engineering instruction are limited in their ability to provide students with exposure to
practical applications of their field-specific knowledge, as they are typically conducted in a classroom setting with
minimal opportunities for hands-on learning [&. This poses a challenge for students in understanding real-world
situations, particularly in harsh weather conditions such as those experienced in the UAE [El. Moreover,
conventional engineering courses rely heavily on non-intuitive documentation, which can be problematic for
students lacking industry experience, such as those in construction management programs. Such documentation,
including two-dimensional drawings and project-related materials for activities such as project planning, activity

sequencing, scheduling, safety planning, and cost estimates, can be difficult to comprehend and prone to error.

The emergence of building information modeling (BIM) has brought about numerous opportunities for both industry
and academia to transition from traditional document-oriented practices to data-driven, 3D model-enabled
engineering processes and workflows “l. Additionally, the advent of immersive and reality-based technologies has
given rise to highly effective tools such as virtual reality (VR), augmented reality (AR), and mixed reality (MR). The
construction sector has increasingly used applications of BIM and VR to enhance construction sequencing and

planning, such as 4D BIM and virtual construction. VR technology offers users the ability to completely immerse
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themselves in a virtual environment through computer-generated simulations &, providing a symbolic
representation that helps them better visualize and understand the project (€. As a result, decision-makers can use
VR simulation to visualize, evaluate, and mitigate any errors that might obstruct the project's execution. The
integration of BIM and immersive technologies has been studied, and various studies have used these integrations
to enhance the construction management process EIE, This advanced visual communication can significantly
improve students’ ability to understand and learn by reviewing designs for constructability and planning the
construction of building and infrastructure projects. Moreover, the utilization of advanced visualization techniques
can promote active learning among students. However, limited studies have investigated the potential of these

technologies in enhancing engineering education.

| 2. Immersive Virtual Reality (IVR)

IVR refers to a computer-generated environment that simulates an interactive experience and fully engages the
user’s senses, typically including sight, sound, and touch. IVR involves the use of wearable displays, such as
head-mounted displays (HMDs), to track the movements of users and present virtual information based on their
positions. This enables users to experience the virtual environment in 360 degrees, resulting in a fully immersive
experience. It is this sense of immersion that is often associated with VR technology and is one of its most
marketable features [29. The history of IVR can be traced back to the 1960s when Ivan Sutherland introduced the
first head-mounted display system. However, the technology was not advanced enough to garner widespread
attention until the 1990s, when the reality-based system became a research field of its own 1. Moreover, the idea
of IVR began to gain traction with the advent of consumer-grade hardware such as virtuality headwear and
Nintendo’s Virtual Boy, which helped introduce the concept to the general public 12, With advancements in
computer processing and graphics technology, the CAVE (cave automatic virtual environment) was conceived by a
team of scholars at the University of Illinois at Chicago in 1991 as a tool to advance scientific visualization. The
CAVE system elicited a sense of immersion by enclosing the user within a physical space surrounded by projection
screens that displayed images in a stereo format. The projected images were rear-projected onto the walls and
down-projected onto the floor. To fully experience the stereoscopic visualization, the user required specialized
three-dimensional shutter glasses 23!, In the 2000s, with the rise of the internet and advent of online gaming, IVR
continued to evolve with the development of more sophisticated hardware such as HMDs and haptic feedback
devices that allowed for greater sensory immersion 4. VR represents a significant advance in our ability to
simulate and interact with the digital environment, opening up new possibilities for entertainment, education, and

scientific research.

IVR technology has experienced significant advancements that have opened up various possibilities for exploring
new dimensions in different fields, such as education, healthcare, gaming, entertainment, engineering, and beyond
(201 A literature review recently explored the impact of IVR on various fields, highlighting its current and potential
applications along with the limitations of the technology. The study noted the potential of IVR in industrial
applications such as driving simulation, as it allows the creation of realistic situations without risk to the driver or

learner 131, Additionally, IVR can be used in product design and prototyping by creating virtual design alternatives,
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thus saving significant time, money, and effort by reducing material wastage [28l. The study also identified the
potential of IVR in education, specifically in fields such as medicine, engineering, and military training 4. IVR
technology can keep students more attentive and enable teachers to have one-on-one interactions with students,
thereby enhancing the learning experience 181291 |n addition, IVR-based medical training can be utilized to train
surgeons to operate and practice in a virtual environment, reducing the chances of mistakes, while students can
practice and experience real-life scenarios with virtual patients 2221, Moreover, IVR has great potential in public
health and wellness. For instance, exergaming, fithess, and sports opportunities can be provided that improve the
overall fitness of users, which contrasts with traditional sedentary techniques of gaming 22, IVR technology is also
utilized in therapy and meditation to provide immersive environments for overcoming traumas and other stress-
related illnesses 22, Furthermore, social interactions are one of the latest additions to the category, where IVR
provides a realistic setting to interact, improving the social abilities of people with disabilities or allowing individuals
to interact in various situations such as education, business, work, and community gatherings [22124],

In recent years, IVR technology has made significant progress, thanks to continued technological advancements in
both hardware and software 23, These innovations have contributed to the enhancement of the VR experience,
resulting in increased levels of immersion and interactivity for users. The integration of high-quality displays,
wireless headsets, hand and body tracking, haptic feedback, and artificial intelligence (Al) works together to create
a more realistic and engaging virtual environment 28271 High-quality headsets equipped with advanced features
such as high resolution, high refresh rate, wide field of view, and precise tracking accuracy have greatly enhanced
the IVR experience (28, These features contribute to a more realistic and detailed visual representation of the
virtual environment, providing users with a truly immersive experience. Furthermore, the introduction of wireless
VR headsets has significantly improved the IVR experience by freeing users from the physical constraints of being
tethered to a computer or console (22, The integration of hand and body tracking in virtual reality technology has
improved the overall immersive experience by enabling more natural and intuitive interactions with the virtual
environment 2, |n addition, haptic feedback improves the immersive virtual reality experience by providing tactile
sensations that simulate the feeling of touch and enhance the realism of interactions with virtual objects B,
Artificial intelligence has also been used to create better virtual reality experiences by developing new techniques
for improving 3D displays for virtual and augmented reality technologies. Al can also be used to interpret user input
in a more natural way, allowing for more realistic and responsive interactions with virtual characters and
environments 22, These advancements have the potential to revolutionize the way we interact with virtual reality.
Overall, the progress in IVR technology has the potential to disrupt almost every field imaginable in the near future

and remarkably enhance the users’ learning experiences across all domains.

| 3. IVR in Construction Education

The emergence of IVR has transformed the way students learn in many fields, including education. This technology
provides an opportunity to engage learners in a highly interactive and immersive learning environment 23, [VR has
been shown to enhance the learning experience by providing a highly realistic and interactive setting where

learners can visualize and experience complex concepts, ideas, and procedures B4, The use of IVR in education
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offers several benefits, including increased engagement, better knowledge retention, and enhanced learning
outcomes 33, Furthermore, it offers the potential to overcome traditional classroom limitations by enabling students
to learn at their own pace and in a way that best suits their learning style 8. One of the key benefits of IVR in
education is that it provides a safe and controlled environment for learners to experiment and practice without the
risk of harm or damage to equipment 7. For example, engineering students can simulate and explore different
design solutions while construction management students can simulate and practice project management
scenarios, leading to better decision-making and critical thinking [28. Additionally, the use of IVR in education has
the potential to address the challenge of providing practical experiences for students in fields such as medicine and
healthcare, where the risks associated with real-world procedures are high B9, By using IVR to simulate real-world
scenarios, students can develop their skills and improve their confidence in a controlled and safe environment.
Despite the many potential benefits of IVR in education, some limitations exist, such as the high cost of
implementation, technological limitations, and the need for specialized training for both educators and learners 23]
491 Moreover, there is a lack of standardization in the field, making it difficult to evaluate the effectiveness of IVR in
education 41, Nonetheless, the potential of IVR in education is enormous, and with continued development and

refinement, it could revolutionize the way students learn in the future.

The use of IVR technology has been implemented in various studies focused on construction management
education, with positive results. A study reviewed the recent applications of VR in architecture, the construction
industry, as well as in education and evaluated its potential to improve student learning. It found that using VR
could enhance creativity, improve visualization of complex designs, and aid in understanding course concepts but
may face obstacles related to cost and rapidly changing technology “2.. Another study developed and tested an
augmented reality-based assessment tool for evaluating hazard recognition skills of construction management
students, finding that it outperformed traditional paper and computer-based assessments in terms of effectiveness
and student preference. The study highlighted the potential of immersive technologies to bridge the gap between
classroom and real-world construction environments for improved safety training 42, Furthermore, Whisker et al. 3
explored the use of 4D CAD modeling and immersive virtual reality in construction engineering education and
found that these advanced visualization tools could improve students’ understanding of construction projects and
plans. The study suggested that using virtual reality could supplement actual construction site visits and allow
students to experiment with different construction sequences, temporary facility locations, trade coordination,
safety issue identification, and design improvements for constructability. In a similar realm, a recent study
investigated the use of immersive videos (360, 180 3D, and flat) as an educational tool in construction
management and found that students had a positive perception towards using this technology, with HMDs being
their preferred delivery method. The study suggested that incorporating immersive videos could enhance
construction management education, although further research with larger and more diverse samples was needed
[44] A class experiment found that the implementation of a 4D BIM schedule, along with virtual reality technology,
could enhance the fabrication and assembly performance of modules. Most of the participants who experienced a
4D BIM schedule along with immersive virtual reality (4D/IVR) strongly agreed that it was an easy and
straightforward way to visualize the project, understand the schedule, and find any errors. Moreover, almost all of

them successfully sequenced the assembly with 4D/IVR, compared to only 42% with conventional 2D drawings
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and schedules 431, |n an effort towards implementation of VR-based techniques, a recent research study proposed

a methodology for implementing VR-BIM technology in the construction management undergraduate curriculum to

enhance students’ understanding of building principles. The methodology included integrating VR-BIM into the

existing courses and providing a new computer lab classroom, while overcoming challenges such as faculty

training and availability of technology 8. These studies have reported that the implementation of IVR-based

techniqgues can enhance creativity, improve visualization of complex designs, aid in understanding course

concepts, and supplement actual construction site visits. However, obstacles such as cost, limited exposure of both

students and faculty to VR, lack of infrastructure, rigidity of traditional course content, and policies may impede the

implementation of IVR in construction management education (47148,
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