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Abstract: Mixed reality is advancing exponentially in some innovative industries, including manufacturing
and aerospace. However, advanced applications of these technologies in architecture, engineering,
and construction (AEC) businesses remain nascent. While it is in demand, the use of these technologies
in developing the AEC digital pedagogy and for improving professional competence have received
little attention. This paper presents a set of five novel digital technologies utilising virtual and
augmented reality and digital twin, which adds value to the literature by showing their usefulness in
the delivery of construction courses. The project involved designing, developing, and implementing a
construction augmented reality (AR), including Piling AR (PAR) and a virtual tunnel boring machine
(VIBM) module. The PAR is a smartphone module that presents different elements of a building
structure, the footing system, and required equipment for footing construction. VIBM is developed as
a multiplayer and avatar-included module for experiencing mechanisms of a tunnel boring machine.
The novelty of this project is that it developed innovative immersive construction modules, practices
of implementing digital pedagogy, and presenting the capacity of virtual technologies for education.
This paper is also highly valuable to educators since it shows how a set of simple to complex
technologies can be used for teaching various courses from a distance, either in emergencies such
as corona virus disease (COVID-19) or as a part of regular teaching. This paper is a step forward to
designing future practices full of virtual education appropriate to the new generation of digitally
savvy students.

Keywords: virtual reality; augmented reality; digital twin; 360 modules; YouTube; online App;
construction; building; digital pedagogy; role play; e-learning; risk management

1. Introduction

Visiting a real construction site is not always possible due to site restrictions, the limited number
of students permitted to enter a site, and, more recently, due to COVID-19. Virtual modules can be used
for online education in architecture, engineering, and construction (AEC). They can also be applied
to formative learning, flipped classroom [1], blended experimental teaching [2], and online teaching
modes [3]. Previous studies investigated the feasibility of using virtual technology in education in
different contexts, such as healthcare [4]. Recent studies intend to use virtual technology for education
in construction and architecture such as Bashabsheh et al. [5], Wang et al. [6], Eiris Pereira and
Gheisari [7], and Gao et al. [8]. However, the application of virtual technologies to show real physical
practices in an immersive environment without using headsets for AEC education purposes has not
been thoroughly investigated. There are complicated processes in construction, such as drilling and
boring underground, which students have not experienced before, and traditional learning methods
such as textbooks cannot easily deliver the knowledge. In contrast to text-based learning materials,
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there is a possibility of practicing in a simulated environment that allows students for correction and
repetition to improve their skills with non-risk failures [9]. The purpose of this study is to present novel
tools and online virtual applications to present the complicated processes of drilling, piling, and boring
and an excavator digital twin to AEC students. The digital twin refers to the digital replica of a physical
entity utilising the internet of things enabling two-way communications between them. The excavator
digital twin and other education apps also address the deficiencies of traditional approaches in terms of
promoting the engaging capabilities that allow students to be fully immersed in virtual space [6,10,11].
The purpose of these virtual apps is to enable large scale site visits, that will enable students to enter a
virtual environment and learn a building case study or heavy equipment. The AEC courses may use
project-based learning (PBL) approaches [12], so students are required to enhance their cooperation
and collaboration skills [13]. Also, group project learning is recommended to all other educational
disciplines at universities [14]. However, several severe challenges of PBL have not been adequately
addressed for large classrooms. For example, the way instructors can measure each group member’s
contribution to their group assignment and give them immediate feedback in large classes will be
much more difficult when it comes to the implementation of flipped learning methods or formative
learning approaches.
The main research questions are:

(1) How can mixed reality and digital twins be applied in construction education?

(2) What virtual and augmented reality modules can provide a collaborative environment, and what
factors may enhance students’ engagement in construction education?

(3) What are the key values and advantages of the selected technologies in construction?

1.1. Significance and Advantages of Virtual Technology

The significance of virtual technologies is that it helps users to have an active experience rather than
a passive learning experience and enhances their creativity [15,16]. Emerging technologies and virtual
tools have caused a significant change in education methods, including construction education [17].
They shifted education and professional practices significantly away from the traditional individual
theory-based lecturing to group PBL, similar to other practical disciplines. Project-based learning
refers to learning from a specific construction project as a case study. Examples of group-based
learning methods in engineering are problem-solving with open-ended solutions [18,19], hands-on
projects [20], and team-oriented communications [21]. More recently, the concept of active learning
and student engagement has had a significant impact on education design in practical courses [22],
arguing that students learn more and are more prepared for their careers by actively applying
the course materials. Some researchers recommended flipped classroom models for construction
management [1,23]. However, this new highly lauded method has not yet received enough attention in
the AEC, including the construction management discipline, particularly for large classrooms [1,24,25].
Also, there are not enough digital tools to support this teaching method. The problem is that the
educator cannot take a large class of students into a construction site. This is particularly an important
problem where a specific activity such as piling is not at the same time as the teaching period.

PBL is recommended to many educational disciplines at universities [14]. The PBL assessment
is the core concern of many studies in different fields, including AEC, and students need to work
collaboratively and enhance their social and cooperation skills. Table 1 presents the positive and
negative experiences of students in doing PBL based on the literature.
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Table 1. Overall advantages, experience, and barriers to group project assessments.

Students Experience

Description

References

Overall advantage

Encourage them to be more active and more engaged

Lee, et al. [26]

Positive experience

Reduce their workload and made their assignment more manageable

Finlay and Faulkner [27]

Allow them to cover more materials with group members

Finlay and Faulkner [27]

Their critical thinking skills would be improved through group conversation

Finlay and Faulkner [27]

Negative experience

Conversations were superficial and time-consuming

Bahar-Ozvaris,, et al. [28]; Herrmann [29]

The group learning method took away lecture time where “facts” and direct
answers would be provided

Lee, Ngampornchai, Trail-Constant, Abril and Srinivasan [26]

Not productive because it takes time for the group to arrive at conclusions,
mostly no results or consensus would be made

Lee, Ngampornchai, Trail-Constant, Abril and Srinivasan [26]

Barriers

Free-riders could be misidentified

Hall and Buzwell [30]

Group members are not equally contributing to their assignment

Hassanien [31]; Hall and Buzwell [30]
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1.2. Theoretical Factors

Virtual education utilizes a set of systems, including hardware and software, that provide
an immersive environment or a “sensory illusion” to feel present in a different environment [32].
In virtual education, immersion, learners’ perceptions, presence, and interactive activities are known
as critical factors. The quality level of these factors, including immersion and interactivity, are related
to technological attributes of the utilised technology such as digital images/videos, the display
resolution, and other associated gadgets [32]. Lee et al. [33] suggests a set of factors that may
increase users’ satisfaction of a virtual reality module, including presence, motivation, virtual features,
cognitive benefits, usability, reflective thinking. Some factors that are related to the technology
acceptance model include usefulness and usability [34-36]. However, some other factors that are related
to psychological aspects of learning, such as motivation, may enhance the effectiveness of learning and
are usually considered in virtual learning tools. Lee et al. [33] also discuss that the cognitive factors
are also important since they enhance understanding and memoriation of the learning subjects in the
virtual environment. Memorisation increases the ability of students to recall events, facts, or definitions.
Radianti et al. [32] discussed that ‘immersion, presence, and interactivity’ should be considered in
technology design as core characteristics of the virtual module. From a psychological perspective,
immersion refers to a state that the student feels isolated from the senses of being in the real world [32].

The literature discusses different factors that can be used for measuring students” experience of
using newer technologies and predicting technology acceptance [37,38]. Nakarada-Kordic et al. [39]
examined four principal measures of presence, such as feeling ‘real’, ‘relaxed’, ‘comfortable’,
and ‘anxious’, while using the VR, before experiencing magnetic resonance imaging technology
in medicine. They found that the VR experience improves participants’ experiences before a potentially
stressful use of the imaging examination. There are many published papers concerning sickness due
to the use of VR applications. Kim et al. [40] developed a motion sickness metric for a successful VR
implementation such as discomfort, fatigue, eye strain, difficulty in focus, headache, blurry vision,
dizziness, head fullness, and vertigo.

The literature also presents the significance of tools or instructions to help students by enriching
learning tasks, activities, and also with relevant experiences [41] (p. 3). However, this might be
time-consuming and difficult to help students in large classes. A key component of providing active
learning experiences in the classroom is that students need to be prepared for active engagement in the
class [42] (p. 369). The flipped classroom is a change in the sequence in which activities are done by
which students interact with the course materials [1]. In the flipped classroom, students preview the
course materials before class so that they can do a part of their homework and other learning activities
in class (workshop) [1]. As explained by Bliemel [43] (p. 113), core lesson materials can be available to
students before class, including digital content and short videos. Preparing students before class or
supporting them after class one by one is not easily possible in large classes. The purpose of this paper
is to offer novel virtual technologies that potentially can be useful for online education and suitable to
various class sizes and different teaching philosophies such as flipped classroom, blended learning,
role-play learning, formative or summative approaches.

In particular, the current studies also investigate the positive and negative aspects of group project
assessment and report that it is not possible to estimate the students’ contribution to the main work
accurately. However, some other studies provide some strategies to identify free-riders and/or assess
other group members’ contributions to the group project [44-46]. They offer different methods of peer
evaluation or peer-assessments to assist lecturers in identifying the overall contribution of each group
member. These methods are mainly based on a simple form asking students to give a mark of 100 to
the group members based on their contribution to the group project. This form is an additional source
to assess students’ contributions to their group projects. However, there is not a reliable tool to detect
biases and a valid measure to understand the level of each group member. Therefore, there is a need to
address the mentioned problems by developing a novel technology-based model to evaluate group
projects” individual marks accurately.
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Learning management systems (LMSs) offer useful online tools for managing large classrooms [37,47].
Still, the current systems do not fully support a mix of educational approaches such as roleplay-based
group project. In this paper, a set of tools, including a Group Wiki Project (GWiP) is offered as
an essential tool for doing an online group project, as shown in Table 2. The GWiP is one of the
necessary tools of Web 2.0 that provides spaces to write by students of the group in a web-based setting.
This is a constructive activity and constitutes active learning in which students build an individual
representation of their knowledge based on their peers’ experiences [48].

Table 2. Characteristics of the collaborative learning platform.

Factor Advantage References
Sharin Students can easily share their ideas and give Elmahadi and Osman [49]; Sonego, et al. [50],
& immediate feedback to each other Gutiérrez-Braojos, et al. [51]
Allow a multi-player option enabling students to Cooper, et al. [52] and Gutiérrez-Braojos,
Collaborate and communicate experience immersive, interactive and real-time ~ Montejo-Gamez, Marin-Jimenez and Camparfia
meetings and working [51], Monahan et al. [53], Zheng, et al. [54]
Quick editing Students can quickly edit their page Biasutti and EL-Deghaidy [48]

The WiKi page is a simple mark-up scheme to set

Simple format (comparing HTML) Dominic, et al. [55]
Convenience Easy to link the page to other pages or sources Biasutti and EL-Deghaidy [4]
(e.g., YouTube etc.)
Maintainable Easy to save the database, track all~ed1ts, 1ogs and Biasutti and EL-Deghaidy [4]
see the history and manage previous versions
Open-source Everyone who has access to WiKi can edit it Dominic, Francis and Pilomenraj [55]

Mainnistd et al. [56] reviewed digital collaborative learning practices in nursing education and
found out that this type of learning is beneficial since it contributes to knowledge construction and
building on each student’s interaction. At the same time, they suggest that instructors should provide
more guidance to students and design a suitable pedagogical solution by using an appropriate tool
for this type of practice [56]. There is a need to develop virtual tools for allowing the opportunity
for collaborative learning or cooperative learning. In a collaborative learning process, students are
not only working together to carry out their group projects, but they also need to work actively with
their group mates and correct each other. Computer-supported collaborative learning systems should
be developed further [57]. This type of collaborative learning is known as socio-constructivist [56].
Blau et al. [58] also discuss that this type of practice improves students’ self-regulation skills and their
learning proficiency by providing peer feedback while completing their project.

This paper first discusses a case study, including materials that should be taught in a construction
subject; second, a variety of learning tools produced for online practice will be reviewed; and finally,
an overall evaluation of students’ feedback is discussed. Limitations and topics for future studies
are also discussed in the discussion section. In this investigation, the forefront of contemporary
advancements and innovation in AEC education was used to increase the authenticity of learning by
being virtually present on site.

2. Research Method

In order to enhance students learning experience and improve virtual education in construction,
this paper developed a set of virtual modules and discussed their applicability in construction.
A practical construction course was used as a case study, and details of the course are presented [1].
First, a set of virtual modules have developed, as shown in Figure 1. Then, users tested and used
them. The developed technologies were tested by a team of experts, including designers, technical
programmers, educational developers, and students during the developing process, as well as before
finalising the module. When the development process had been completed, a group of volunteer
students was interviewed to learn their experience of using a virtual learning module. In order
to improve education technologies, a scientific semi-structured interview was conducted among
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construction management students examining their experience and insights gained when using a
selected virtual module. The semi-structured interview approach and content analysis are commonly
used in the construction context [59-63]. The interviews were analysed manually by using the concept
of thematic analysis. Students chosen as users of the modules were also selected to express their
experience of using the modules. Their content on GWiP is used as learning evidence. With a focus on the
interactive construction reality tour (iCRT) learning experience, the interviews interrogate the potential
of the virtual module to support and elevate the students” engagement with the construction process
through an immersive or interactive experience. This systematic data collection through interviews
allows for a greater understanding of the student perspectives, learning processes, and adoption
behaviour [64]. The users’ feedback will enhance further development and adoption of VR tools and
associated activity-level. Some topics that were asked to be discussed by the interview participants are
as follows:

e How did a virtual module help you understand construction operations? For example, did you
understand the link between excavators and trucks, piling rigs, and processes?

e Ifso, give an example of what have you learned or what was interesting to you in the module?

e  What was your favourite part of the modules, and why?

e Do you think it made excavation operation process concepts clearer to you? And what subjects do
you think complement or help assist in gaining a depth of knowledge?

I

DIGNE]] GWiP and
Twin Role Play

Google Ply/ Data Server Setup VR Connect all
AppStore Cinema activities to
GWiP

Virtual
Replica

Project
Completed

Figure 1. Flowchart of mixed reality modules developed for virtual education, including digital twin and
online App. VITBM: Virtual Tunnel Boring Machine, PAR: Pilling Augmented Reality, iCRT: interactive
reality tour, GWiP: Group WiKi Project.
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The data collected from ten interviews were analysed in Sections 3 and 4. The students’
feedback and their note on GWiP were used for identifying some key factors that may affect virtual
technology acceptance.

Figure 1 shows the process, including data collection from construction projects to develop virtual
learning modules, including VITBM, PAR, DT, and iCRT. These modules were created for students.
GWiP is available on Moodle to students, and a short presentation of their work is available on YouTube.
iCRT is available in a cylinder room, namely VR Cinema, and a simplified version is available on
YouTube. VITBM is a virtual app that students will be given a link to download the file in conjunction
with Discord and Hamachi to use it from home. PAR and DT are available on Google Play or App
Store to students so they can download and use it anytime.

This section presents details of the selected courses, including objectives and topics which should
be learned by students. The online modules, in this case, were developed to highlight principles
that are difficult to recreate for students in the construction and engineering setting. The interactive
resources were developed and used for the online delivery of relevant courses in different disciplines.
This course was designed and improved by utilising different virtual technologies over five years
from the time the course initially was created in 2016. The selected course is called Infrastructure and
Industrial Construction (IIC), with the following details:

e  First-year large foundational core courses. These students have not seen the entire process of
underground activities.

e  The course was designed based on collaborative learning and authenticity approaches in which
unique virtual and online materials will be helpful;

e Large classes varying from 200 to 300 students, require developing digital materials for increasing
the learning experience while being less expensive;

e Cover four learning outcomes to enhance students’ ability to understand the processes and
mechanisms of a variety of construction activities, as listed in Table 3.

Table 3. Selected course learning outcomes for the chosen course about infrastructure construction.

ID Learning Statement Related Assessment & Activities

Identify and analyse the management requirements,
scopes, mechanisms, operational systems,

! performance and outcomes of a variety of Quiz, Project and Final Exam
contemporary national and international IIC projects
5 Analyse the construction processes a1.1d technologies Project and Final Exam
used in infrastructure projects
Critically analyse the strategic, tactical and .
3 . . Project
operational challenges of IIC projects
4 Demonstrate a range of professional characteristics Project

required for IIC project personnel

Table 3 shows the learning statements of the IIC course, which is a first-year core course with
300 students. This course was designed to extend students” knowledge of technologies, systems,
and processes of industrial and infrastructure construction. This case study practised this approach by
providing a portfolio of activities that includes students (i) forming their role playgroups, (ii) interacting
with an industry guest lecturer, (iii) using the immersive environment (VR Cinema) to learn tacit
knowledge about a construction case study, and (iv) learning from peers in group projects via GWiP.
Arranging site visits for all students poses serious logistical challenges in terms of costs and personal
safety considerations. These resources can transform the learning experience of students, very much in
line with the objectives of the institutional strategies of improving the learning experience and the
education literature. Selected topics covered in this course are shown in Table 4.
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Table 4. Selected topics covered in the case chosen course.

Week Topic
Week 1 Introduction to construction project organisations
Week 2 Site preparation and estimating earthmoving production
Week 3 Road construction and equipment
Week 4 Productivity, risk identification, and safety in practice
Week 5 Substructure, piling and tunneling construction
Week 6 Logistics, materials handling and mechanisation
Week 7 Trench shoring and temporary structures
Week 8 Superstructure and bridge construction
Week 9 Sustainable infrastructure and demolition technology

The GWiP was applied for the Industrial and Infrastructure construction course to give a chance
to all students to do their group assignment based on their background and knowledge. The university
strategy encourages lecturers to use innovative teaching methods. For a smooth transition between the
traditional dominant face-to-face delivery model to the full online classroom model, a combination of
different tools was designed and employed, as shown in Figure 1. To increase the authenticity of the
modules, a set of engaging industry partners and world-class contractors were involved in the process
of developing virtual modules caused in producing useful and valuable sources to students.

3. Technology Design

This section presents a set of tools and technologies to address the research questions of how mixed
reality and digital twins can be applied in construction education and what virtual and augmented
reality modules can provide a collaborative environment. These tools were developed for practical
construction courses, as shown in Figure 2. Selected participants and stakeholders who are involved
in this project include two leading construction contractors and consultants, the university estate
management, the portfolio of the pro-vice-chancellor (education), a few instructors, and students
from the Faculty of Built Environment, the Faculty of Engineering, and external technology vendors.
Students at different education levels were involved in the project. In particular, two undergraduate
students, two master’s students, and one PhD student participated in the project of recording videos
or preparing content for the VTBM module. These participants were involved in creating interactive
teaching resources. These resources can be used in different courses such as construction informatics,
digital construction, risk management, and practice-based courses, but were mainly used for designing
the IIC pedagogy, so-called BLDG1021. Six novel interactive modules have been developed, as shown
in Figure 2, and details are provided as follows.

3.1. Group Wiki Project and Role Play

The first module (refer to Figure 2) is an innovative group project online template, namely GWiP,
which was designed for students to do their group projects together, where tutors and other instructors
could monitor students” work in real-time. There is a lack of online tools available so far to show the
students’ progress in real-time transparently. In particular, measuring the student’s contribution to
their group project is always challenging, but the problem has been solved by the GWiP. All tutors and
the instructor use GWiP to monitor students’ progress weekly, give them relatively quick feedback,
and increase the quality of their group project at the global level. Each group then presented their
work (as a scenario base/role play based) and uploaded it on YouTube.

GWiP was perceived as useful technology helping students to prepare their group projects.
Rogers [65] suggests that usefulness is one of the two critical factors of technology acceptance and
can be used as a construct to predict a successful digital technology implementation. The advantage
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of GWiP was perceived as follows: students drafted their project gradually during the semester;
instructors, including their tutor and lecturer, monitored their progress during the semester; the ‘history”
option on GWiP enabled the lecturer to check who contributed the group assignment more than others.
GWiP’s history page shows the number of words written by everyone with time.

External and internal participants

Data captrue Construction site
-
— Excavation process

5 i | 3 2 1

Figure 2. The flowchart of developed online modules, including screenshots of the applications,
including Excavator Digital Twin.

GWIP increases the transparency of the teamwork, and students do not need to submit or print
their projects at the end of the semester since all information will be saved automatically in their
computer. For example, a total of 27 groups were formed by students in one semester. Then, 27 GWiP
groups were created on WiKi Moodle by the lecturer each semester. Each student was asked to create
a page within his GWiP. The group leaders also were encouraged to add extra WiKi pages for their
group: ‘executive summary,” ‘project description,” and ‘sharing ideas.’

The students were required to select and analyse a project (e.g., rail work, tunnel, highway, factory,
and bridge) based on the relevant information, which they collected. They also were asked to describe
their project (on GWiP) in a way that a person not familiar with the project could obtain a clear
understanding of the project. The information was related to the course topics, including construction
sites (e.g., location and accessibility), construction processes, project organisations, project monitoring,
and their learning processes. Groups were encouraged to use theories and topics from the lecture
throughout the semester and address them in their project. Based on GWiP, students were able to start
their projects in two hours workshop running following the lecture and continue doing their projects
any time per week in an online web-based setting.

Subsequently, each student analysed and discussed their chosen project on an individual online
page. In this method, they do not use conventional word files, and instead, they described and reported
their project on the GWiP page. The online pages allowed the lecturer and tutors to provide regular
feedback on their drafts on GWiP. A page called ‘Feedback on your Work” was created for each group,
and the lecturer and grading tutors use this page to provide feedback to the students of each group.
They were asked to identify features of their role, which presents something exciting, challenging,
or unique about their role in their real project. They were provided with an example of people involved
in the crane operation process, including crane supervisor, coordinator, operator, signaler, and slinger,
as shown in Figure 3. It also shows that each group chose one project, and each individual took a
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specific role as examples of tasks. Figure 3 presents some of the groups and their workshop ID and the
map page of their GWIP, their role, names, and ID numbers. In the first step, students take individual
roles, then make the required online pages. They assessed the pages and received group and personal
feedback on their work. The GWiP gives the possibility to the lecturer to assess students individually
online, and at any time, so each individual within the group is assessable.

b) Provided sources to students  c) Example of role play scenario for a group
84 WiKi Group Project
Project guide
‘@ BLDG1021-Group Project Assessment_P1 20.0
WiKi instructions and tips
@ WIKi Instruction 315.2k8 POF document
List of infrastructure projects
Projects finder
@ Current Infrastructure Priority List - Australia e
Infrastructure Priority List table, May 2016 H
‘@ Recent Infrastructure Priority Lists - Australia Is Siqnaler
@ 2015 Queensland Major Projects ju .
Queensland Major Projects '% Raole 5
Road and Maritime Projects - NSW ;
The latest information relating to the planning Crane s; Crane Supervisor
Sample video presentations Coordinator g Role 1
Video Example 1: Arabtec Final Project Video é
Video Example 2: Gilbane Project S‘
Video Example 3: Bechtel Final Project é
Video Example 4: Kiewit Productivity Improvem Role 2 7 .
A
Individual . Progressive
o Role play > Online Page —> assessments | Feedback
activities ’
Group _| Online Group | | Progressive
tiviti Create Groups[—” » » Feedback
activities Map Page assessments
a) Role plav Group Wiki Proiect model v
Groups: H Start page
10027-Prestige Developments (10)
10027-West Connex (7)
10028-Shindig (13) P —
10028-Tunnel Team (9) Prestige Developments. atsecir — Group Name
10029-Flying High Airport (13) FieisstOptions
10029-Institutional Project (14) Syaney Lightral  —————————— Cag@ Project
10395-North Connex Motorway Tunnel (10) Project Description
10395-Pokemon Masters <(1 91)) sroup postions—I——— > Group member roles and names
-Tetris Construction Project Director: GHSNSNSNIPUINL
8138-Golden State (The North Shore Hospital) (13) N J. . »
8138-Paul (0) Contract Administrator:
8138-Pioneer Developments (10) Architect I
8139-Boys and Girls (11) WHS Coordinator: \GEG—_——— .
8139-Construction Group (10) HR Manager- JINNUSSN Link to the group
8139-FMJV Projects (7) v site Manager: [N B
Project Manager. I GWIP pages
Financial Officer: IS
e — One pags for regular
Feed Back on your pfOJ:CT—_’
feedback from instructors
d) List of Groups created by the f) A selected map page on
instructor GWiP

Figure 3. Role playgroup project model and list of groups and examples on GWiP. (a) Role play Group
Wiki Project model; (b) Provided sources to students; (c) Example of role play scenario for a group;
(d) List of Groups created by the instructor; (f) A selected map page on GWiP.
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Then students presented the entire project in a video format and made it available on YouTube
(search BLDG1021). Since the course was a large-sized class of over 200 students, applying to the
role-play approach and presentation in class was not efficient, so students were asked to use computer
visualisation aids and produce their videos and upload them on YouTube. This method helped the
student to present the project they have completed during the term. This is in line with the project-based
learning (PBL) approach [13]. The resources made by students are always available and helpful to next
semester’s students. Examples are shown in Figure 4.

= Youlube™ Search [o} ™ [ )

Search

BLDG1021 Industrial and Infrastructure Construction ~
ConXR - 10/ 44

= A
7 vLusives
7. R
~ BLDG1021 - Tetris Construction

8 n !‘ ShafTechno9

BLDG1021/S2 2018 Great

Western Highway at Forty Ben...

putperif] | M)
C RSN wanvinG LanG

BLDG1021 T22019 - 8997
N ormcom P Group B (Built Construction)
ERY Cedric Lau
BLDG1021|T22019|
1 ! AusTunnel
George Cory Darroch

UNSW BLDG-1021 S2-16

23 videos + 823 views * Last updated on Nov 8,2016

O T ) 610/8as nsmmm WestConnex Group A
13 $ Alec Rarton

BLDG1021 T2 2019 - 8997 Group B (Built Construction) ‘m WATCH LIVE: The National for

Thursdav Mav 14 — Stane

Figure 4. Students’ presentations of their role-play practice uploaded on YouTube by themselves.

3.2. Interactive Construction Tour 360

The second online module (refer to Figure 2) is called iCRT 360, including videos recorded the
real construction site of the Science and Engineering Building as a case study as shown in Figure 5.
The content of recorded videos was combined with quizzes and interviews with the contractor
(i.e., multiplex) on-site staff. The physical area of the immersive iCRT is a stereoscopic and interactive
system. It consists of a cylindrical canvas which five high definition projectors visualise the image
onto. These five projectors work collectively in sync allowing the 3-dimensional (3D) visualisation of
movement to feel smooth and immersive.

Figure 5. Panning of an iCRT module sample module used for the case course [66,67] (See: https:
/[www.youtube.com/channel/UCOzhGK8xOdoCc3YImJHnAnA/).

Additionally, motion tracking systems and stereo sound in the VR environment allowed students
to interact with the projected modules allowing the opportunity for an immersive experience within
an interactive VR environment. Added features in this format were the hotspots that detail specific
parts of the construction process, including the equipment involved. Hotspots contained both short
videos as well as photos to provide a more in-depth explanation of these processes and equipment.
This feature allowed a degree of flexibility by varying emphasis on the description of different aspects
of a construction site.


https://www.youtube.com/channel/UCOzhGK8xOdoCc3Y9mJHnAnA/
https://www.youtube.com/channel/UCOzhGK8xOdoCc3Y9mJHnAnA/
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The iCRT uses the current technologies and cameras to capture rich information of complex
construction activities for reproducing real practices meaning that students can visit noteworthy events
during or any time after the event. The iCRT combines the current experience of Australian projects and
the tacit knowledge of practitioners and uniquely involves them in digital education. The iCRT includes
several modules covering underground and excavation activities in construction sites, as shown in
Figure 6. For example, one of the modules focused on drilling and the pilling process. These activities
are not visible, and students cannot see what is happening underground. Underground activities,
excavation, and drilling are not safe for students to visit since there are many hazards in the areas these
activities take place. Also, the entire process of piling, including excavation, inserting cages, concreting,
may not be possible to carry out within visit times. Since these places are not safe, and the timing is also
not under control, there is a need to visualise and create more interactive virtual resources to students.

:*.; UNSW  Built Environment M IPLEX ®inema

UNSW Material Science and Engineering Building Site Visit

Figure 6. Leading a team of internal and external parties for developing the modules from fieldwork to
digital lab production. (a) fieldwork for production planning in 2017; and (b) capturing 360 footages,
including some patterns’ logo involved in the production.

These resources aim to give the students a virtual experience of significant site and excavation
works through cognitive learning in a workplace-based learning environment. Cognitive learning
aims to teach learners the processes that experts use to handle complex tasks, situated within the
context in which they would usually and naturally be carried out. It also aims to simulate the actual
cognitive processes that have to be undertaken for a complicated task to be learned. A construction site,
where students can find themselves surrounded by massive earthworks and equipment worth millions
of dollars, can now be experienced first-hand through these new digital and virtual technologies, in a
cost-effective, secure and efficient manner.

For more accessibility and further exposure (albeit at lower quality), the 360-degree VR videos
were uploaded to a video delivery service that supports VR video, on YouTube. Students could view
the VR video content through a desktop/mobile web browser, or through the Android/iOS YouTube
apps. If students open these links up in Google Chrome, they can see details of the construction site or
pilling process by zooming in/out. For example, if a student makes a mouse scroll, the user will get
closer or farther away from the target. Students will be able to click and drag with a mouse to look in
all directions of the construction site to explore all around the site.

Figures 7 and 8 show that the module is running using a server computer in the room behind the
circular room. However, a tutor can control the module, including backward-forward, pushing the
hotspots, and changes the modules using a tablet in front of the students. This is so students can
become involved in running and managing the process of using the modules in groups of 10 to 20,
which depends on the capacity of the cylindrical room as shown in Figure 9.

The virtual developed modules have responded to the disadvantage of digital education by dealing
with the practical needs of the course. The virtual modules have the potential to change the students’
learning attitude to be virtually present on site and increase the authenticity of learning by its virtual
presence on-site and being able to see site managers operating in the modules. The modules allowed
students to experience real practice, while savings on resources, transportation, time, and money
compared with regular site visits made the virtual modules a much more sustainable proposition.



Appl. Sci. 2020, 10, 4678 13 of 32

It also enabled practitioners to optimise their current processes to save more resources. The student’s
engagement was enhanced using these virtual modules, including iCRT, in the immersive environment.
The simple version of my resources can also be used online remotely, which is precisely in-line with the
UNSW 2025 Strategic Plan recommending the utilisation of “blended learning products with seamless
integration of the physical and digital campuses”. These products are critical for enhancing students’
learning in construction since construction equipment is costly and project sites are often difficult
to access.

Figure 8. The immersive environment used for the case course at the University of New South Wales
(UNSW) (right), A selected Hotspot Site Layout Interview—Bulk excavation (left), the produced
module, including the hot spots linked to rich information for each topic.

Module 1: Site Lavout

Module 2: Footina Constructio
odule 3: Pile Constructiongs

Hotspot

Figure 9. Three modules, including hotspots in the cylindrical theatre (VR Cinema). The construction
site, including hotspots linked to 360 videos available to students.

3.3. Virtual Tunnel Boring Machine

The third online module (refer to Figure 2) is called VIBM. It is a game-based virtual environment
allowing students to explore how a tunnel boring machine is working underground. This module
provides a step by step process involving interactive virtual equipment, where students located in
different areas inside or outside the university. They can enter virtually into the VIBM together
(Figure 10). The number of students or groups of students allowed into the immersive virtual
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environment is not limited. Each tutor or student can invite up to ten students to join simultaneously
and participate as group members to explore the immersive virtual environment together. The VITBM
enables them to have the same experience with voice communication available and named avatars for
all group members who can then see each other in the VTBM space underground. In VIBM, all students
can walk individually through the virtual underground environment and explore different areas of
the TBM located underground. In the virtual tour underground, they examine components and tasks
relevant to TBM operations such as the cutter head, excavation chamber, mixing arm, bulkhead, screw
conveyor, erector, tail skin, tunnel lining, hydraulic cylinders, and the backfilling process. The VIBM
is based on a general 3DMax model of a tunnel and some images (e.g., 360 and 3D) collected from
different activities so students will be able to explore more realistic underground movements and the
TBM operation from any angle using a laptop or a HTC Vive headset.

vz g
s o

B AN EXSTIS SESSON 0 CAEATE Y08 M 4 FRESH AR SUPPLY

LB S s

mouwE e

INFRASTRUCTURE CONSTRUCTION - VIRTUAL TBM EXPERIENCE
SAMAD SEPASGOZAR
y =

Figure 10. Screenshots from the login page (left), and one of the information hot spots on the VIBM
(right). Several hotspots were embedded into the VIBM, referring to some interesting learning points
in different parts of the module.

The VIBM is a multiplayer operation system module (See Figure 11), which can be used alongside
Discord and Hamachi. Hamachi is required when the tutor allows more than one remote student on a
different network outside the university to connect as if they are on the same network. Hamachi is
a separate application that creates a type of virtual network over the internet. Students can discuss
all components while exploring the TBM by using their device’s microphone since there is a voice
communication option that allows students to communicate with their teammates using Discord.
Discord is an optional tool and should be installed separately. This will enable tutors to invite students
into channels (potentially one channel per class) and keep the voice conversation continuous and
transparent before and after the networked TBM experience is in action.

Figure 11. Utilising the VTBM on a large screen in an open studying space at FBE (left) and experiencing
the VIBM using both a monitor and an HTC Vive Pro headset with another user logging into the VIBM
from a different place in a collaborative multiplayer manner (right).

In a VR environment, there are 10 ordered drop-in locations, including appropriate thumbnail
images, which let students experience ten specific identified sites and read the content provided on the
hotspots (See the menu in Figures 9 and 12). Among the hotspots, one represents fresh air, and another
refers to an air leak incident describing a fault and its consequences. These hotspots can be useful for
risk registration and risk analysis.
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Figure 12. Screenshots from the menu and different sections.

3.4. PAR

The fourth online module (refer to Figure 2) is called ‘FBE Piling AR’ (PAR). FBE refers to the
Faculty of Built Environment. The PAR is an interactive virtual environment that goes beyond the
traditional pages of a textbook or PowerPoint and enables the foundation construction process to be
explained in 4D (3D spatial models plus time). Students will have the ability to play through the
animation of the developed typical example of the construction foundation piling work that supports
the building. The PAR is an augmented reality app that is available on AppStore or Google Play to all
global users. FBE can students download it, and with additional information provided in the course,
they will experience the different processes of building construction, particularly piling methods and
various types of piling failures. FBE’s students can answer relevant quiz questions available on their
course webpage on Moodle.

PAR was developed in two main versions: one version can be downloaded on smart devices
(e.g., phones or tablets), and another version is available on Oculus headsets. An unlimited number of
students can use PAR. However, if they want to experience the gaming environment as a group, up to
ten students can enter into PAR simultaneously. Then they can see avatars in the headset representing
their teammates. Avatars can see and ask each other questions when experiencing a different section of
the App on the headset version. The avatars’ appearance can be edited in Oculus Home, the virtual
living room which a student launches into when the student puts on a Rift headset. They can save
their experience in the augmented reality environment as a video or image formats, either to use the
visual material later or to share/communicate their expertise with others/friends on Facebook.

PAR was designed for collaborative, interactive, and engaging practice and includes eight sections,
as shown in Figure 1. It represents the construction process undertaken for a multi-story building
and provides insights into structural foundation piles for students. The construction process covers
site establishment, piling, and constructing the entire structure. The PAR experience is collaborative,
i.e., all users see the same model in their VR headsets, allowing exploration and discussion as a group.
The collaboration mechanism was enabled using Oculus Quest headsets (Figure 13) connected via a
local Wi-Fi network. PAR offers both a mobile-based AR experience and an Oculus headset experience
to learn from a construction case study project. In particular, students can observe different types of
failure modes of foundation piles. Students across both platforms can view simplified structures and
failure modes of the structural foundation elements (Figure 13).

The experience shows how the structural foundations of the building can fail due to the quality
of the piling. The experience includes a foundation pile construction animation showing the entire
construction process, including heavy equipment such as a drilling rig and excavator in different
sections of the virtual animation. This animation gave the student the ability to explore the model
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section by section, and students were provided with additional information via hotspots around the
model. The PAR model is based on 3D models of the Materials Science & Engineering building and
the Kensington campus. The BIM file of that building, campus geographic information system (GIS)
data [68] and light detection and ranging (lidar) data providing building height in a 3D context [69,70],
were valuable in illustrating the built environment based on a real building. The BIM data available
from the case study was used for representing different elements of the building from a pile to a
completed building facade. PAR allowed students to look at the structural “anatomy’ of the selected
structure (Figure 14) via a mobile device’s AR interface or a VR headset (Oculus Quest).

Restart

UNSW Campus Map

1. Site Establishment

2. Retention Piling

3. Bulk Excavation

4. Piling Inset Animation

5. Substructure / Footings

3.1 Excavate "

il 6. Pile Failure Types
7. Structure

8. Pile & Structure Loading

Full Building Animation

Figure 13. VR hardware for the collaborative model experience—the Oculus Quest.

Hotspots including details

Piling failure

Pile Formation Issues

Group piles

Notes for students

Figure 14. The collaborative model experience is presenting the entire structure and piling systems.

There is an introductory screen in the application to guide the students in how to complete the
experience. If there are questions about the visualisation experience, students can ask the instructor
or post their queries into a forum created on a learning management system (LMS) such as Moodle.
In summary, the PAR offers (Figures 13 and 14):

(i) Anability for students to look at the ‘anatomy’ of the structural foundations of the selected typical
3D building model;

(ii) Inclusion of a simple foundation construction sequence showing the different phases of a
pile formation;
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(iii) The opportunity for students to interact with information hot spots positioned around the model
in 3D;

(iv) Views of the structures and typical failure modes of the foundation piles;

(v) AR phone app via the Apple or Android Apps if students use a compatible device (iPhone 6 or
newer and AndroidS7 or newer), free to download for everybody;

(vi) Multiplayer VR experience of the 3D building model viewed within Oculus Quest headsets on
the same local Wi-Fi network;

(vii) Visualisation and game experience on students’ mobile devices (iPhone 6s or newer and Android
S7 or newer); and

(viii) Visualisation on Oculus Quest headsets.

3.5. Digital Twin (DT)

The fifth online module (refer to Figure 2) is an excavator digital twin that is linked to a physical
entity of an excavator. The DT module provides a virtual excavator so students can use it to learn
different movements of the excavator. This is a step forward toward using a digital twin for education
purposes. The connection between the digital twin and the physical twin required to be on campus,
but using the digital version for simulation and students’ practice is possible since it was developed
for virtual education. This practice may change the educational approach for practice-based courses,
as shown in Figure 15.

(a) (b)

Figure 15. The digital twin AR of the chosen excavator. (a) the AR excavator running in the

field (https://www.globalconstructionreview.com/innovation/australian-academic-develops-digital-
twin-digger/); (b) the digital model on iPad.

4. Interviews Results and Group WiKi Project Analysis

In order to address the research questions of what factors may enhance students’ engagement and
identify the advantages of virtual technologies, a group of students were invited to participate.

The GWiP documents of 204 students were also screened to identify how students played their
roles and how they engaged in their projects. A group of ten students participated in the interviews to
discuss their experience of using at least one of these technologies. Students were selected from the
undergraduate program of construction management. Students were asked to focus on their roles,
which have been taken in an infrastructure project and describe the challenges in their projects. Table 5
shows that they adopted their roles and learned about it. For example, one of a student described her
role as a project director: “During my role as Project Director for the Sydney Light Rail Project thus far,
many various obstacles have arisen. This is largely due to the size of the project and the high stakes the
project holds for those involved in its construction and the impact the infrastructure project would
have on the people of Sydney”.


https://www.globalconstructionreview.com/innovation/australian-academic-develops-digital-twin-digger/
https://www.globalconstructionreview.com/innovation/australian-academic-develops-digital-twin-digger/
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The result of the analysis of interviews about learning experience during the module design
sessions shows the usefulness of virtual modules as well as limitations, which should be investigated
in the future. The value and future research directions are discussed as following. Usefulness is a
crucial factor in technology adoption and has been examined in the information systems [71] and
construction over the years [64].

The participants support the claim that virtual modules, including the iCRT, provide an innovative
immersive environment that brings real construction practices into universities to enable thousands
of students from AEC to become familiar with state of the art in a no-risk environment [72,73].
Among these modules, the iCRT was recently experienced by over 1000 students. A student says:
“It was more in-depth, and with the questions in the interactive exercises, we got to learn much more
than just a YouTube video.” Another student expressed the feeling that they visited a real construction
site and learned from the visit: “I felt I was on an excursion on-site. It gave me knowledge and insight
[into] what actually is involved in a construction site”. Table 6 represents a summary of the student
experience through the modules.

From the students’ perspective, by “becoming immersed” in iCRT modules, a greater sense of
“motivation and drive to seek further knowledge on key site elements” has been evident. This includes
active engagement within quizzes of the quarry module, where trucks were used to underline the
importance of Personal Protective Equipment. The modules provided to students have allowed the
cohort to excel in “not just university, but also the workplace” by applying key aspects learned through
the modules in the field as a student describes. A student expresses:

“When I first stepped on-site, it was a bit daunting. However, I quickly remembered key concepts
of the site layout modules I learned in the VR labs and applied my knowledge to assist in site
coordination and asserting the traffic management plan.”

Several critical benefits have arisen from the application of virtual reality modules. Students can
investigate how “productivity measures” are taken place through 360° cameras. An example of this
practice includes the number of cycles an excavator takes to fill a truck from the bulk excavation.
And through the alteration of crucial selections, the rate of productivity is evident, highlighting the
emphasis of efficiency on site, correlating to both cost and time savings. Students have a real feel of the
back of house cost and efficiency management, which can be applied on-site first hand in the field.
Another benefit is the visualisation of machinery in practice and how events co-occur, highlighting
the “concept of critical paths” as a student describes. “We were learning about Gantt charts and how
activities have predecessors, and it was great to see how these activities were linked to successfully
deliver a section of activities such as the laying of sheet piles.” The concept of ‘peering beyond the
hoardings” highlights the unique experience of VR, producing “a depth of knowledge which cannot
be gained unless on-site” one student states. Thus, the module including hotspots with additional
and detailed information allowing for greater access to information, which in turn makes students
more employable by increasing knowledge and skill base. Table 7 shows the key factors of virtual
technologies from students’ perspectives. The experience of an immersive environment is hugely
enriching compared with just reading a textbook or looking at slides about the construction process.

Table 8 shows that virtual technologies allow for greater insight into construction methodology,
expanding exposure to on-site practices. Activities included underground piling, excavating, and mining
modules, focusing on the array of different aspects, including operations and risks involved. The virtual
technologies directly complemented course content learned in lectures and tutorials where blasting of
rock was seen, and shotcrete applied. This provides an insight into construction operations that occur
mainly underground and cannot be seen unless on site. The virtual technologies encapsulate students
through an innovative medium to transfer vital knowledge about construction, “safety, and scale of
operations”. This includes “visualising a piling rig’s height in comparison to a human on-site with
appropriate PPE” as one student describes. “It was great to see the whole operation of the footing
system from the piling rigs drilling holes to the reinforcement being in place and finally in situ concrete
being poured and capped off to create piles.” The depth of knowledge can be seen as students have
indicated the positive effect of VR in conveying construction methodologies and procedures.
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Table 5. Summary of results based on the initial assessment and GWiP texts.

Expected Learning Outcomes

Student Learning

Understand scopes, components, and characteristics of national and international IIC projects

All groups selected one related project and described the characteristics of the project.
For example: “The main goal is to renew the CBD's urban landscape and mitigate
congestion”sg9s Group ¢, and “This report provides an analysis of construction processes ... through

investigating the cross-London railway, Cross-rail ... composing of 42km worth of tunnels ... ”

Group 10395-North Connex

Understand the mechanisms, operation systems, performance and components of a variety
of contemporary national and international IIC projects

The groups demonstrated that they understand the construction operation systems in their
construction projects. For example, one of the groups (10029-Flying High Airport) discusses how
the location of their tower crane should be determined. For example, “The level by level approach
requires 3 20t excavators to be lifted up to the top level with hammer attachments to demolish walls and

slabs which would create a larger dust and vibration disturbance to the community.” g99g Group C

Increase your ability to critically analyse IIC projects to explore strategic, tactical and
operational challenges and suggest improvement scenarios

All groups tried to demonstrate their ability to analyse their project. For example, a group
member explains: “ ... The successful management of Cross-rail is only made possible by various layers
of project organisation focusing on their prescribed roles, with [a] key focus on deep construction
understanding. This report finds that understanding construction processes will lead to beneficial
outcomes, but obstacles that halt construction progress require active monitoring and key actions by

management.” Group 10395-North Connex

Enhance communication skills (i.e., professional writing and acting) and demonstrate how to
work effectively in teams

The project is role-play based, and all of [the] students create videos and write on their Wiki
pages, so they demonstrate their verbal and written communication skills.

Note: IIC stands for industrial and infrastructure construction.
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Table 6. Features identified from the analysis of student experience from selected modules.

Key Factors and iCRT Features

Benefit

Students Experience and Feedback (Quotes)

Usefulness: Scanning the entire site

Clarity within the lessons regarding construction
excavation processes

Step by step modules, on-site layout and footing construction assisted greatly.

Usefulness: Activity Analysis

Recognising the scale, size, and type of drilling and
excavating equipment

“As I had no on-site experience, it was extremely interesting to see the scale, size,
and type of drilling and excavating equipment used on site. This included a man
standing next to an immense piling rig, ultimately showcasing the mammoth operations
undertaken on site.”

Rich sources of information: Hotspots (See Figures 8 and 10)

Hotspots provide me with rich content emphasising the
significance of specific objects on site

Vividly indicates images of a piling rig, before, during and after shots to
underline the concept of the activity to clarify construction techniques

Immersion: VR Cinema room/Innovation

An authentic learning environment that immerses me into
the excavation and piling process despite being physically
inside a classroom

“The VR and 360 videos were unlike any tutorial or learning experience I had seen.
It engaged me in an interesting medium, and I felt like I learned a lot more than regular
tutorials and lectures from other subjects within the Construction Management degree.”

Enjoyment: Use of 3D Glasses and screens

Increases my interest in learning the subject

Innovation in technology has allowed for 3D glasses to be used within VR labs,
creating a degree of realism. Through these innovative methods of teaching,
we have students who have had an increase in interest in learning the subject.

Situated learning and Interrelated Concepts

Helps to relate previous knowledge to new information
about excavation processes

Knowledge gained through other subjects in university complemented further
information learned through the VR Cinema. In combining both, I was able to
display my skills both at university and on-site effectively.
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Table 7. Students’ reflection and critical factors of the VR application based on semi-structured interviews.

Learning Outcome/Useful Features of the Module

Key Factor

Selected Quote

Required equipment for each construction task

Situated learning: types of machinery

“

. construction machinery is explicit [clear to us], but the use of it
[applications] is difficult to know about it and understand .. how the machine
works and the types of machinery ... ” g8 HUSTO1

How machinery work

“Different [types of] machinery and the processes and .. how the machinery moves
the dirt stuff ... "

Human resources and management

How to allocate people and machinery to a specific task

“Consolidated my knowledge about how different machinery and different people
that worked on site ... " (3,02

Deep understanding of processes and tasks

Detailed information for each component or task

“The hot points ... you can click on it, and you get more information and how
interviewing people that work on the site ... ” 9151

Engaging students

Online feedback

“Quizzes at the end of the video were interesting .. we could reflect on that some
main pUl’TltS" 01.38

Overview of the magnitude of operations

The scale of the construction site

“It was great to see just how many vehicles and machinery are involved in bulk
excavation and how many machines are operating around the site.”

Deep understanding of construction operations

Rich sources of information:
Predecessors of construction processes

“The twenty-minute modules allowed us to see the whole process of a piling rig
from digging the hole to inserting the cage, in-situ concrete, and capping off; we
were able to see the predecessors of the method.”

The conceptualisation of essential on-site practices

Labour and trades on-site

“Being in the first year, we don’t get to visit the construction site and have no
construction experience under our belt, so being able to visualise how
construction personnel works efficiently together was interesting.”

Operational safety awareness

Personal Protective Equipment

“ After seeing the scale of operations and sitting through a few modules, I was able
to see what the potential impact of a downfall could look like after identifying a
variety of risks on the construction site.”

Balanced practical and theory learning

Lectures covering theoretical concepts and VR tutorials
allowing for hands-on experience

”

“The VR and 360 videos complemented the theory we learned in the lectures . ..

Practical knowledge

Enjoyment

7

" ... as it was interesting to gain some practical experience.”

Workplace integration

Incorporating relevant principles

“ After looking back seven months, and working within the construction industry
on-site, the information I had learned in the modules became relevant and useful.”
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Table 8. Summary of functionalities and benefits of online teaching tools based on the instructor observation and the literature.

ID Tool/Approach Functionality Benefit and Impact
Creating a storytelling and project-based presentation and . . .
upload on YouTube by students. Usefulness: Improve social skills [13]
1 GWiP (Refe‘r Figures 3 and 4) ar.ld Draftine th octi li latf o diat Engagement: A socio-constructivism practice [56]; knowledge
YouTube online group presentation rating the project in an oniine platiorm, receive immeciate construction and building on each student’s interaction [56];
feedback from instructors, and insert YouTube links . . . -
and multimedia develop self-regulation skills and learning proficiency by
’ providing peer feedback [58]; improve teamwork skills [13]
2 iCRT 360 (Refer Figures 5-9) Virtual site visits and learn construction processes based ona  Enjoyment: Dlglta.l storytelhng .[74], Le.arnmg by Seeing in 3D
case study. [75] in an immersive environment
3 VTBM (Refer Figures 10-12) Virtual game-based environment to experience how a tunnel Engagement: Engaging lf.zarn'mg experience [4]; Learning by
boring machine works. Seeing in 3D [75]
4 PAR (Refer Figures 13 and 14) Virtual augmented reality to learn different building elements. Enjoyment: Learning by Seeing in 3D [75]
5 DT Digital twin of a real physical entity which students can Perceived usefulness: Deeper learning [74]

interact with and learn how to operate an excavator.
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5. Discussion

This paper presents six innovative tools, including novel virtual digital applications, which specially
developed for virtual teaching. The unique virtual technology implementation and students’ feedback
show that the use of online virtual tools for learning practical construction courses is feasible and useful.
This paper describes how selected course content was designed and improved by utilising different
virtual technologies over five years from the time the course was created in 2016. Students’ satisfactions
gradually have been increased, and the course was received firm quotations recently from students
saying that they enjoyed and deeply learned the concepts which were not possible to learn from
other resources. The use of virtual online technologies potentially enhances students” experience and
engagement in practical construction courses. The immersive education modules have promising
benefits to students, who are digital natives and known as tech-savvy [76]. These students have an
inherent understanding of new online tools, smartphones, and digital devices. The concept of providing
an authentic education space with interactive and engaging modules has seen an increase in the depth
of knowledge and alignment with course content. Selected benefits were identified as the successful
integration of theoretical concepts into practical experience in an authentic learning environment.

This investigation and modules created on virtual education consider the relevance of the online
teaching approaches to allied academic disciplines, such as AEC as well as industry-led employee
training. It thus speculates as to the online virtual advantages extending from education to economic
deficiency and productivity. Visitors from other disciplines were inspired by the modules presented in
this paper, including iCRT, and several leading global contractors and educators appealed to them
from different universities.

The online versions of PAR and VIBM are significant educational solutions since they help
students to obtain knowledge more rapidly and efficiently. The instructor can now spend more time
in the online classroom, explaining other relevant concepts related to the visualised components
in 3D and thus generate a more practical and complete lesson. This particular example of online
practice also creates long-lasting knowledge because students are highly engaged in the space with
the components of the building or the tunnelling machinery. Compared with a textbook or a lecture,
students understand the practicalities and concepts more rapidly and with greater clarity. The produced
modules provide an immersive sense of place when walking through a TBM or a building.

The main benefits of these modules are to improve the learning experience by taking students
on a field trip in an immersive environment. In the virtual tour, students will experience a virtual
representation of a real project and a simulation of a tunnel boring machine. This exposes students to a
practical experience which helps them to understand how a tunnel boring machine works, and to learn
the different structural elements of a sample building constructed by a leading construction contractor.

The results show that the online virtual tools are valuable and useful to instructors in construction
to enhance students learning and assist them to retrieve their gained knowledge in the lecture in the
real context. Future research is required to evaluate students” and tutors’ perceptions of the model,
using post-implementation qualitative data.

The value of this study is significantly high to AEC educators and scholars in this field who
are from older generations teaching digital natives. This paper introduces digital practices to these
educators who are accustomed to plan, work, and interact with others in a physical world rather than a
virtual environment. The technologies presented in this paper can be considered as a subjective norm
for or expectations of the digital natives. They have been using online apps and virtual game-based
environments from their early years.

Restrictions on face-to-face teaching and learning due to the COVID-19 pandemic created more
demand to use these types of advanced online multiplayer tools to replace construction site visits or
laboratory experiences. These modules are designed to be useful for both individual learning and
group interactions. They are much more comfortable for individuals to comprehend complex topics
compared to textbook reading materials about construction processes. For example, students in a group
of up to 10 people could see each other as avatars in a gaming environment and could explore different
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areas of the machine, talk about components, and interact with the gaming model. The students
experienced the complex components or mechanisms of a machine in VIBM or elements of a building
in PAR. The main practical implications of this study are listed as follows: This paper clarified the
need and value for designing new online interactive tools for building construction; the practice of
effective use of online tools in everyday teaching and learning was discussed; a greater awareness of
online interactive tools was made, and relevant design and implementation issues were discussed,
and finally a theoretical model was suggested to be examined as future investigation.

Several studies about the mixed reality show significant benefits for students, including improved
learning effectiveness (76% more than traditional teaching), engagement, and motivation [77].
By giving students a self-paced interactive virtual learning simulation, students can repeat using
the learning materials and experiments without additional costs. The online virtual modules have
been designed based on the literature recommendation to include interactive resources such as
embedded photos and videos and links to multiple-choice questions. The interactive elements provide
different learning scenarios to allow construction students to practice safely and to transfer their
knowledge to practice. Where some current commercialised modules simply use expensive digital
technologies (e.g., oculus gears and goggles) applicable to small classes, the presented innovative
resources were used for massive classes of students. It was not possible to provide oculus gears and
goggles to 300 students, and also, it was not possible to take all of them into a construction site.
The experimentation showed that the virtual and augmented reality modules gave students a chance
to explore building construction processes. They could also experience a tunnel boring machine in
operation, identify potential operational risks and hazards (e.g., foundations cracking or leaking issues),
and discuss issues while experiencing the immersive environment.

As another example, GWiP is a novel real-time group project model. This model makes the
main contributions to the field. First, the GWiP model encouraged students to discuss with piers
as each of them takes a role similar to the real projects, and they gave them immediate feedback.
Also, tutors could monitor their work in real-time and were able to provide them with feedback
when they have any questions. This is in line with the previous recommendation in the literature.
For example, Gémez-Pablos et al. [13] discussed that students need help and support for doing their
tasks because sometimes they do not know how to work effectively with their group mates or peers.
They suggested that their social skills need to be reinforced and improved while doing different tasks
at the university [13]. The GWiP helped students to know each other, trusted to peers, and supported
each other for constructively accomplishing their assigned works. The role of GWiP model was to allow
the opportunity to improve students’ interpersonal skills, thereby providing a digital collaboration
platform for practising the required skills. The GWiP has also encouraged students to start working on
their homework in the workshop under tutors’ supervision and continued doing the project outside of
class using an online platform under the instructors’ supervisor. The GWiP model enabled instructors to
examine student’s contributions to the group project report in real-time during the semester. However,
previous approaches rely on students’ judgments that use a different scale of measure.

Based on the interviews, module development experimentation, and the literature, this paper
suggests three main factors, including ‘perceived usefulness’, enjoyment, and engagement as three
primary constructs of satisfaction. All these factors can contribute to modelling and predicting virtual
technology acceptance. This model is suggested as a conceptual framework that can be examined in
different contexts and can be considered as research hypothesis in future studies:

Research question 1: Technology acceptance modelling has a lengthy theoretical background and
applied in a different context, but this paper contributes by presenting an extended model applicable to
virtual education tools [64,71,78-80]. The article shows some factors that can be considered as measures
of “usefulness”, which is one of the critical constructs of the technology acceptance model [78,81].
This paper also suggests that ‘usefulness’ of the virtual technology refers to students’ experience of
social presence, the possibility of using a rich source of information, and situated learning, which all
help students to comprehend detailed practical information of operation process as shown in Figure 16.



Appl. Sci. 2020, 10, 4678 25 of 32

This is useful since otherwise, it is not possible to obtain the information without involving in a project
as a cadet or intern. Figure 16 shows a list of factors identified in interviews and the literature that can
be used for modelling and predicting virtual technology acceptance by participants. The proposed
model can be examined for different technologies such as DT, VR or web-based virtual technology.
The technology can be used for different subjects covering construction operation, risk analysis, safety,
and construction informatics.

Construction Safety and

. Risk analysis . . Informatics
operation induction

Social presence

-....-....-.---..»

Rich sources of \
information "~ 1
H2
) Perceived
usefulness
Situated learning —H3 \H7
IT Service
Instructor Immersion H4a—»  Enjoyment —H8»@EEUHERIL)
quality :
Hab H
Tutor
. - Service Quality —
QUalltV 9 Engagement /
: _H6
G“'d‘;‘_’t‘ce Technical VR
uali li .
g y Quality Virtual Technology
4 Acceptance Model
Digital Twin Mixed Reality Online Apps Web 2.0 (WiKi)

Figure 16. A proposed theoretical virtual technology acceptance model developed based on interviews,
for measuring VR acceptance by participants.

Research question 2: The proposed theoretical model also can be modified for 360-degree video
applications. For example, the following variables can be examined in modelling:

e  Explore and comprehend construction site layout planning [76]

e  Experience the site layout from a site manager perspective [76]

e Enhance the emotions felt by students

e  Present a detailed scenario that can be consulted by students repeatedly if necessary [76]

e  Identify risks and hazards related to different activities such as drilling rig. A survey can be
conducted based on ‘active processing assumption’ that suggest meaningful learning may occur
if students learners can organise the learning material into a coherent structure, and allow
them to integrate it with their prior knowledge about the event [76,82]. The survey based on
Slater-Usoh-Steed (SUS) [83,84] can be adopted for assessing the level of presence experience.
At the same time, students use 360 videos and can rate their experience in terms of their
feeling of “being there, realism, involvement” [85]. Another recommended model is Witmer and
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Singer presence (WS) measuring student involvement, sensory fidelity, adaptation or immersion,
and interface quality [86]. The post media questionnaire (PMQ) is also useful to design a question
for assessing the emotions caused by 360 video exposure in terms of “anxiety, disgust, anger, fury,
surprise, relax, happiness, and sadness” [85].

Research question 3: How technology-enhanced education and pedagogical design to increase
students learning in practical courses, software teaching, and skilled-based subjects in construction.
How different elements of virtual online learning will contribute to collaborative thinking and will
enhance students’ engagement in software teaching and skilled-based subjects. There is a wide range
of new technologies such as light detection and ranging (Lidar) tools [69,81,87-90], data mining [91],
deep/machine learning [92,93], geographic information systems (GIS) [70,94], different types of laser
scanners [88,95-97], virtual reality, three-dimensional printing [98], building information modeling
(BIM) [99-102] and digital twin [68,103] that should be practised and learned by students and new
employees. The challenging questions concern ‘how technology can be used to teach technology’.
These tools are often required for employment. Recent education studies recommended that education
mode and assessments should be reframed for enhancing students’ skills for employability [104].
The questions raise how digital twin and new teaching tools can help educators to ‘implement the
constructive alignment model’ in different subjects [105]. Some relevant research includes the work
of Boje et al. [103] and da Motta Gaspar et al. [106] who intended to address this type of question.
Still, both education technology and construction digital technologies are advancing, and thus training
approaches are required to be modified based on empirical investigations over time.

Research question 4: Some studies tried to use virtual or tangible replicas as a part of digital twin in
archaeology using manipulation interfaces (e.g., SketchFab) in archaeology [107]. However, there was
no usage of the digital twin in ACE education. Future studies can continue the use of the digital
twin in a different context, transferring different concepts to students how the digital twin and a
virtual replica can contribute to education transformation and enhance the immersive environment
and students” engagements. How can the learning management system (LMS), including Moodle
or collaborative Blackboard, as well as communication tools such as Zoom or Microsoft Teams,
support these digital simulations. Constructive alignment is challenging when using a digital device.
Most of the technologies offer exciting features, but the question is if they will help the instructor to
align further the course learning outcome, activities, and assessments. In fact, the question that should
be addressed concerns on how virtual technology is useful in implementing the constructive alignment
model in teaching.

6. Conclusions

This project was aimed to present a set of novel technologies and practices, which was used
for developing a digital pedagogy. They introduced technologies that enable instructors to monitor
students’ performance and give them immediate feedback in large classes, where the instructor cannot
trace students using traditional approaches. The outcomes and delivered materials discussed in this
paper covered different topics such as the “introduction to a construction project’ (e.g., UNSW campus
and the selected building) as the first section of the PAR, ‘sequences of foundation construction” as
the second part of the PAR, and ‘design construction processes for tunnelling as a specific activity’
covered by VIBM. One of the primary purposes of these online mixed reality modules is to improve the
learning experience by allowing students to understand how a tunnel boring machine works, and to
become familiar with the different structural elements of a building based on practical experience in a
virtual environment. The technologies introduced in this paper offer an opportunity to engage students
in acquiring and retaining their knowledge, learn practical knowledge of running an excavator or
planning for the excavation process in a construction site as well as improving their teamwork and
social skills.

The six primary online education tools were developed and presented in this paper by examining
many scenario developments, group discussions, evaluations of initial versions, implementation,
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and revisions. There was considerable feedback from students to assess each module before the last
updated version was finalised. The development team included experts with different backgrounds,
lecturers, students, educational development specialists, industry practitioners, and technology experts.
Lecturers, students, and educational development experts were involved in designing the modules
to underline its usefulness to instructors and learners. Industry practitioners brought first-hand
knowledge and case study information into the modules rather than the theoretical information
available in textbooks. Details of each education module were discussed in the paper.

This paper is a step forward towards the implementation of a fully online immersive teaching
experience in construction, while there are limited practices of the digital twin in the construction
education context. The paper presents the potential of online mixed reality in construction education
while it has not been thoroughly investigated in line with the advances made in technology development.
The recent growth in virtual reality hardware and devices has increased the applicability of mixed
reality practices and their ease of use.

The paper also presented the role-play group project model, including individuals and group
activities and tasks. The model is implemented on an online platform. The application is beyond
‘sharing information in WiKi’, and it helps the student to assist each other, give immediate feedback,
and correct each other on the report. The implementation of the model has many advantages comparing
the current methods discussed, such as:

(1) The instructor can monitor groups or individuals whether they are continually making progress,
and which group is waiting for the last week of the semester to do the job

(2) Students can get immediate feedback from their team members and the instructor (lecturer and tutors)

(3) The instructor can see the history of all changes, edits, and corrections have done by students.

The contributions of this paper are to extend the body of knowledge in building construction
by presenting novel technological applications of digital twin and mixed reality in the construction
context. The forms and design development process also present theoretical factors influencing the
learning construction process, which increases the learner competency.

The implications of this paper are to present a novel technological approach for building and
tunnelling construction education and professional training. Construction project managers can use
this approach for two purposes: project induction and training construction operation to novice
practitioners. This paper also clarifies the value for designing new online interactive tools for building
construction, discusses the effectiveness of online tools in everyday teaching and learning, and raises
awareness of online interactive applications in construction education and businesses. This paper
presents the outcome of expensive experimentation, which is extremely valuable to construction
educators who are from older generations to digital natives. This paper introduces practices to these
educators who are accustomed to plan, work, and interact with others in a physical world rather
than a virtual environment. However, the technologies presented in this paper can be counted as
a subjective norm or expectations of the digital natives. They have been using online apps and
virtual game-based environments from their early years. This paper also suggests a plan for future
studies, including valuable research issues discussed in the discussion section. The article was limited
to presenting potential solutions to the need for virtual reality modules, and the qualitative study
limited to examine three modules. Thus, more empirical investigations are required, including surveys,
to evaluate each module using a larger group of participants familiar with the virtual apps and tools
presented in this paper.
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