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Abstract: This paper presents a systematic literature review of the impact of emerging technologies
such as Virtual Reality (VR), Augmented Reality (AR), Mixed Reality (MR), and gamification on
student engagement, learning outcomes, and employability in Built Environment (BE) education.
This review covers studies conducted between 2013 and 2023, utilizing the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) framework. From an initial pool of 626 studies,
61 were identified and rigorously analyzed. The findings reveal that these technologies significantly
enhance student engagement by providing immersive and interactive learning experiences that bridge
the gap between theoretical knowledge and practical application. Furthermore, their use is shown to
improve learning outcomes by facilitating a deeper understanding of complex concepts and increasing
student motivation. In terms of employability, the integration of digital tools into BE education equips
students with the requisite skills that are increasingly demanded in the modern workplace. However,
the study also identifies several challenges, including high costs, limited resources, and the need for
extensive faculty training, which act as barriers to the effective implementation of these technologies.
Despite these challenges, this review underscores the transformative potential of digital technologies
in BE education. This study is significant as it synthesizes recent evidence to highlight the critical role
of digital technologies in reshaping BE education. It offers practical recommendations for educators
and policymakers to enhance teaching and learning practices. Providing pathways for integrating
these technologies into BE curricula, this study aims to inform future research and pedagogical
strategies, ultimately contributing to the development of a highly skilled and adaptable workforce.

Keywords: built environment education; immersive technology; student engagement; learning
outcomes; employability

1. Introduction

Current Built Environment (BE) education focuses on equipping students with foun-
dational knowledge and basic technical skills to prepare them for roles in infrastructure
development, sustainability, and disaster resilience [1,2]. BE education significantly impacts
socio-economic advancement through its influence on infrastructure development. Trained
professionals in the BE field are key to constructing resilient and efficient cities, thereby
enhancing both the quality of life and economic growth. Infrastructure development,
bolstered by the expertise of BE graduates, can help mitigate the effects of natural disas-
ters, leading to reduced economic losses and faster recovery. Furthermore, BE education
supports sustainable development goals by fostering innovative construction and urban
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planning practices that are sustainable and environmentally conscious. Studies highlight
BE education’s role in promoting ecological and economic awareness among professionals
and fostering sustainable practices within the construction industry [3,4]. Additionally,
continuous skill development in disaster management is emphasized, underlining the
socio-economic benefits of a disaster-resilient Built Environment [5]. It also integrates both
theoretical knowledge and practical skills across various disciplines, including architec-
ture, urban planning, civil engineering, and construction management. The curriculum
is designed to impart a deep understanding of infrastructure development, sustainability,
and disaster resilience. It also emphasizes the development of 21st-century skills such as
critical thinking, communication, teamwork, and digital fluency, which are crucial for the
employability of graduates [6].

Emerging technologies such as Augmented Reality (AR) and Virtual Reality (VR)
are increasingly being introduced into BE education [7,8]. These technologies offer new
ways to enhance student learning by creating immersive, interactive environments that
engage students in practical experiences [9]. Student learning in this context refers to the
acquisition of knowledge, skills, and competencies through various educational activities,
which is increasingly supported by digital tools and innovative methods. Engagement
refers to students’ involvement and active participation in the learning process, which is
crucial for their academic success [10]. In BE education, engaging students often involves
hands-on, experiential learning that helps them connect theoretical knowledge with real-
world applications [11]. Employability relates to the readiness of graduates to enter the
workforce, equipped with the necessary skills and knowledge to meet industry demands.
In BE education, employability is enhanced by integrating industry-relevant skills and
technologies into the curriculum, preparing students for future careers [12].

Efforts have been made to introduce such emerging technologies as Augmented
Reality (AR) and Virtual Reality (VR) into BE education, aiming to enhance learning out-
comes and engage students in interactive, hands-on experiences [13]. Overall, the current
approach emphasizes foundational knowledge and skills while acknowledging the impor-
tance of integrating emerging technologies and preparing graduates for the demands of the
modern workforce.

However, in practice, many BE education programs still rely heavily on traditional
lecture-focused teaching methods, which may not effectively impart the 21st-century skills
and digital fluency needed [14]. While there is recognition of the importance of integrating
such emerging technologies as AR and VR into BE education, their actual adoption and
implementation remain limited [13]. As a result, students may not have sufficient exposure
to the technologies, potentially leaving them ill-prepared to meet the evolving demands of
the industry. Despite the intention to enhance learning outcomes and engagement through
technology-based learning, the gap between current practices and the ideal implementation
of emerging technologies persists in many BE education programs.

Educational practices have been considerably affected by the COVID-19 epidemic,
leading to the need for swift transitions towards digital technologies. This is especially
pertinent in the field of BE education, where the acquisition of practical, experiential knowl-
edge is crucial. This paper evaluates how technologies have supported BE education’s shift
to remote learning during the pandemic, focusing on their role in maintaining engagement
and educational outcomes.

Various studies have investigated the implementation of technology in BE educa-
tion to enhance Building Information Modeling (BIM) competencies, integrate VR-based
pedagogical frameworks, explore sustainable education, teach building regulations, and
leverage BIM-enabled virtual projects for soft employability skills [7,15-18]. These studies
offer valuable insights into the potential benefits of technology integration in BE educa-
tion. However, there is a need for a systematic literature review (SLR) to synthesize these
findings and address the current gaps in the research landscape.

In response, the present study aims to address the following research questions:
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(1) Whatare the publication trends and prominent journals that feature research regarding
technology integration in BE education?

(2) What are the research hotspots (critical themes) in using state-of-the-art technology to
facilitate BE education?

This study is part of an ongoing project based on longitudinal and cross-disciplinary
studies, which aim to explore how technology can effectively engage BE students, improve
their learning experiences, and polish their employability skills to prepare them for the
world of work. It provides a thorough analysis of the current extent to which technology
is being incorporated into BE education, highlighting important areas where research has
not been adequately evaluated in terms of how specific technologies, such as VR, AR, and
gamification, impact learning outcomes and employability. Although increasing evidence
supports the effectiveness of these technologies, there is a lack of long-term studies and
comprehensive pedagogical frameworks specifically designed for BE education. Therefore,
this review aims to resolve these disparities by consolidating recent studies and suggesting
avenues for future research. It seeks to provide a thorough review of the effects of emerging
technologies on critical aspects of BE education to address the gaps in the literature. Our
primary areas of attention include the following: (i) enhancing student engagement, (ii)
improving learning outcomes, (iii) equipping students with employability skills, and (iv)
identifying and overcoming challenges in technology implementation. The paper provides
an extensive literature review on the use of technology in enhancing BE education, which
acts as a steppingstone towards an in-depth understanding of the role of technology in
improving BE students’ learning experience and employability skills.

2. Technology in Education

The boom and emergence of technologies have resulted in the fourth industrial rev-
olution (4IR). In the fourth industrial revolution (4IR), students should be competent,
knowledgeable, and technically sound to improve their employability skills and readiness
for the challenges in the contemporary workplace [19]. The evolution of various technolo-
gies such as artificial intelligence, blockchain, robotics, cloud computing, data science,
Virtual Reality, and 3D printing has changed the landscape of the workplace. The onus
is on higher education institutions (HEIs) to develop these technological skills in future
generations [20]. HEIs need to respond to this challenge by upgrading their programs and
exposing students to technologies so that they can cope with the 4IR era [21]. Universities
should offer education and training programs that are closely aligned with the 4IR, aiming
to improve students” employability skills [22]. While digital technologies are diffusing
into the education sector at an exponential rate, their pedagogical implications are ques-
tionable in the era of the 4IR [23]. Scholars are constantly exploring how students can be
better equipped with digital technologies in the 4IR. For instance, Al-Maskari et al. [19]
investigated higher students’ readiness level and preparedness for the 4IR. The readiness
of students influenced by their personal characteristics and HEIs’ efforts to redesign their
programs, educators’ training, and technological infrastructure. Similarly, Oke and Fer-
nandes [23] aimed to explore the education sector’s readiness for the 4IR. The education
sector needs to significantly improve the curricula to stay aligned with the requirements of
the 4IR.

The integration of technologies in BE education has become increasingly valuable in
recent years with the manifestation of the 4IR. Garzoén et al. [24], for example, highlight
the remarkable effectiveness of AR in fields closely related to BE, such as engineering and
construction. This highlights the potential of AR to enhance learning experiences within
BE education. Moreover, Solnosky et al. [25] observed rapid growth in the integration
of digital technologies and the 4th Industrial Revolution (IR) in BE projects, indicating
a shift towards more technologically advanced practices in the industry. Additionally,
the literature suggests a proliferation of various technologies such as VR, AR, Mixed
Reality (MR), and tools such as 3D scanning and drones in BE education [26-28], signify-
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ing a broader acceptance and adoption of digital tools to enhance learning outcomes in
BE programs.

2.1. Enhancing Teaching Methods and Learning Experience

Hajirasouli and Banihashemi [29] emphasize the importance of integrating technology
into Built Environment (BE) education to enhance graduates’ soft and technical skills.
Contrastingly, Shirazi and Behzadan [14] critique traditional lecture-focused BE education,
suggesting it may be inadequate for imparting necessary skills for modern workplaces.

A recent study by Hussein [30] highlights a significant shift in BE education from
traditional didactic lectures to collaborative and self-directed learning. Ibafiez et al. [31]
find that technology-based learning methods are more effective than traditional approaches
in enhancing students’ subject-related skills. Supporting this, Thompson [32] observes that
today’s students prefer ‘learning by doing’ over passive methods. Moreover, Sanchez et al. [33]
argue that technology bridges the gap between conventional and novel teaching practices.

Diao and Shih [34] critique traditional teaching methods in BE education, noting their
monotonous and disengaging nature. Ayer et al. [35] advocate for transforming conventional
teaching into a more visualized and engaging format using technology. Aguayo et al. [36]
strongly correlate technology-based learning and improved student engagement in BE educa-
tion. Additionally, Sepasgozar [37] highlights the positive impact of technology on student
motivation and engagement levels.

Patil et al. [38] emphasize the role of technology in enhancing student satisfaction and
overall learning experiences. Kim and Irizarry [39] suggest that by simulating real-life envi-
ronments, technology provides students with a more realistic understanding, thus making
them more engaged and motivated. Noghabaei et al. [40] further support this notion by
demonstrating the enhancement of students’ learning outcomes through technology.

Cochrane et al. [41] propose the adoption of computer-based games as a means of
engaging students in BE education. Vasilevski and Birt [28] argue that gamification not only
improves students’ technical skills but also brings enjoyment to the classroom environment.
Ebekozien et al. [42] advocate for the inclusion of technology skills in learning outcomes to
enhance job performance in the workplace. Moghayedi et al. [43] highlight the potential
of digital technologies to facilitate student innovation. Rennie [44] suggests that digital
technologies can introduce self-directed learning through two-way communication between
students and educators.

Ku and Mahabaleshwarkar [45] emphasize the development of interactive learning
environments through VR in BE education. Keenaghan and Horvath [46] propose the
integration of VR and AR to bring real-life scenarios into the classroom. Tumpa et al. [47]
demonstrate the effectiveness of computer-based simulation games in transferring knowl-
edge and improving students” performance in BE education. Wang et al. [48] highlight the
positive impact of simulation games on students’ learning experiences. Li et al. [49] discuss
the utilization of VR for practicing construction activities without negative consequences.

Zhang et al. [50] critique traditional teaching methods in BE education, noting their
requirement for significant effort from students to grasp complex concepts. Skaik and
Tumpa [51] argue that the integration of interactive technology will break the passive learn-
ing attitudes of BE students. Sampaio et al. [52] discuss the facilitation of discussions on
construction-related technical material through digital technologies. Repetto et al. [53] demon-
strate the positive impact of VR on memory retention of BE students. Okada et al. [54] present
the development of VR models for interactive learning in BE education. Young et al. [55] em-
phasize the enhancement of attention and learning through 3D visualization in BE education.
Han [56] suggests the engagement of students through virtual field trips in BE education.

Lin and Wang [57] highlight the potential of digital technologies to boost student moti-
vation and facilitate the exchange of ideas among peers. Finally, Rahimian and Ibrahim [58]
discuss the transformation of classroom environments through digital simulations and role
play in BE education.
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To summarize, the transformative role of technology in BE education involves a shift
away from traditional teaching methods towards collaborative and self-directed learning
to the integration of such immersive technologies as VR and AR, the evidence suggesting
that technology has the potential to enhance student engagement, motivation, and learning
outcomes. Moreover, the inclusion of digital technologies in the curriculum prepares students
with the technical skills required in the workplace and encourages innovation and critical
thinking. As BE education continues to evolve, embracing technology-driven pedagogi-
cal approaches appears to be necessary to meet the demands of the 21st-century learning
environment and equip graduates with the skills needed to thrive in the global economy.

2.2. Addressing Industry Demands and Real-World Applications

Addressing industry demands and real-world applications is a critical theme in BE
education, emphasizing the necessity for curricula to align with industry practices and
real-world applications. For instance, Bhoir and Esmaeili [13] noted the adoption of state-of-
the-art technologies in the BE industry, advocating for integrating AR technologies into BE
curricula to better prepare students for industry challenges. Moreover, Diao and Shih [34]
stress the importance of BE education reflecting industry practices, with such technologies
as VR and AR providing students with a perception of real-world environments.

Universities bear the responsibility of ensuring graduates are industry-ready [59,60],
addressing challenges where education may not seamlessly translate into real-world project
environments [46]. To bridge this gap, Balogun [61] and Underwood and Shelbourn [62]
emphasize the need for curriculum revisions integrating digital technologies, important for
addressing skill gaps in the construction industry [61]. Leon et al. [63] further highlight
the importance of graduates possessing digital skills, echoing the industry’s expectations.
Despite this, there remains a significant disparity between employer expectations and
graduate skills [61].

Alongside technical skills, such interpersonal competencies as teamwork and problem-
solving are critical for employability [64], necessitating BE curricula transformation to
embrace digital technologies and develop 4IR competencies [65]. Significantly, BIM, AR, VR,
Internet of Things (IoT), cloud computing, and big data emerge as prominent technologies
shaping students’ skills for construction employers [66], highlighting the importance of
integrating both generic and digital technological skills into BE education [42].

In summary, addressing industry demands and real-world applications in BE educa-
tion is critical for preparing graduates for the challenges of the BE industry. This theme
highlights the need for curricula revisions integrating such state-of-the-art technologies as
AR and VR, ensuring graduates possess the digital skills required by employers. Univer-
sities need to bridge the gap between education and industry expectations, emphasizing
both technical and interpersonal competencies needed for employability in the modern
construction landscape.

2.3. Improving Employability and Soft Skills Development

Improving employability and soft skills development is a significant theme in BE educa-
tion, emphasizing the pivotal role of technology in enhancing graduates” employability and
nurturing their soft skills. Diao and Shih [34] and Spitzer et al. [27], for example, emphasize
the necessity of adopting technology in teaching BE to engage students and cultivate their
employability skills. This necessitates a shift in teaching approaches toward digitization [67].

While technology enhances students” engagement and technical skills, it also develops
soft skills such as communication and teamwork [29]. The exponential rise of technology
in BE education has led to studies exploring its implementation in various aspects, from
enhancing BIM competencies to integrating VR-based pedagogical frameworks [7,15].
Additionally, technology plays a significant role in sustainable education and teaching
building regulations, further contributing to soft employability skills [16-18].

The globalization of higher education and the demand for improved graduate employ-
ability highlight the need for skilled employees in the industry [68]. This highlights the
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importance of leveraging technology in BE education to equip graduates with the necessary
skills and competencies for success in the global job market.

This literature review of the integration of technology in BE education reveals a
significant shift towards innovative teaching methods and immersive technologies such
as VR and AR. Studies emphasize the potential of these technologies to enhance learning
experiences and prepare students for industry challenges. However, weaknesses in the
current literature include a lack of comprehensive studies on the long-term impact of
technology integration and varying levels of adoption by educational institutions. The
present paper addresses these gaps by providing a comprehensive analysis of the role of
technology in BE education, examining its impact on teaching methods, learning outcomes,
and graduates” employability. By synthesizing extant research findings and identifying
areas for further investigation, this study contributes to a deeper understanding of how
technology can be effectively integrated into BE curricula to meet the demands of the
modern workforce and encourage the development of necessary graduate skills.

2.4. Research Gaps

Prior to conducting the systematic literature review, a scoping review was conducted to
explore the landscape of digital technologies in the context of BE education. The initial research
suggests that scholars have been exploring various aspects of technologies for improving BE
students” employability and enhancing learning outcomes and experiences [7,27,37,69-72].
However, the studies are scattered and lack a comprehensive analysis of the phenomena with
a notable absence of a systematic literature review of the existing literature. The lack of a
systematic literature review with an extensive coverage of the available literature acted as a
motivator to undertake this study. A systematic literature review is considered a powerful
tool to highlight prominent and emerging trends and patterns of the current literature [73].
Therefore, this research aims to address this research gap, highlight critical themes, and
propose future research avenues for investigating new insights.

3. Research Method
3.1. The Review Process

This study aims to identify the role of technology in BE education using an SLR. This
is a process of identifying, selecting, evaluating, and analyzing previous studies through
a comprehensive review process [74]. The SLR method has been utilized in previous
studies of technology in the architecture, engineering, and construction (AEC) sector
and construction sector [75-77]. Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) is adopted to report the findings of the SLR, selected due to its
widespread use in reporting research findings. PRISMA uses a 27-item checklist to enhance
transparency [78,79].

3.2. Database and Keywords

In the first stage, relevant studies were identified through the use of a database search.
The widely adopted databases for conducting systematic literature reviews in higher education
research are Scopus, Web of Science, Google Scholar, and ScienceDirect [80,81]. Scopus was
the primary search engine to identify relevant studies for this search. This is commonly
used to locate, retrieve, and select relevant studies for construction, BE, and multidisciplinary
studies [82]. It is one of the most trusted and largest databases as it makes the search process
easier [83]. It is a citation database that encompasses over 50 million documents from around
5000 publishers [84]. Although Scopus was regarded as the primary database, ProQuest and
Google Scholar were also used to locate any additional studies.

Three different kinds of search strings were used to ensure the capture of all
relevant publications:

(“Built Environment Education” OR “Built Environment Teaching” OR “Architecture
Education” OR “Urban Planning Education” OR “Construction Management Education”)
AND (“Technology” OR “Digital Tools” OR “Online Learning” OR “E-Learning” OR
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“Virtual Reality” OR “Augmented Reality”) AND (“Student Engagement” OR “Student
Participation” OR “Student Involvement”)

(“Built Environment Education” OR “Built Environment Teaching” OR “Architecture
Education” OR “Urban Planning Education” OR “Construction Management Education”)
AND (“Technology” OR “Digital Tools” OR “Online Learning” OR “E-Learning” OR
“Virtual Reality” OR “Augmented Reality”) AND (“Learning Outcomes” OR “Academic
Performance” OR “Knowledge Retention” OR “Skill Development”)

(“Built Environment Education” OR “Built Environment Teaching” OR “Architecture
Education” OR “Urban Planning Education” OR “Construction Management Education”)
AND (“Technology” OR “Digital Tools” OR “Online Learning” OR “E-Learning” OR
“Virtual Reality” OR “Augmented Reality”) AND (“Employability” OR “Career Readiness”
OR “Job Preparedness” OR “Employment Opportunities”).

3.3. Study Selection Process with Inclusion and Exclusion Criteria

The initial search identified 626 documents, with 219 in Scopus, 31 in ProQuest, and
376 in Google Scholar. These were screened to identify the relevant studies in the next
stage: screening.

In the screening stage, the studies were filtered through such inclusion criteria as
studies published in peer-reviewed journals, available in full text, written in English, and
published in the last 10 years. The duplicates in these databases were also removed at this
stage. This stage resulted in 281 articles.

In the eligibility stage, the titles and abstracts of the 281 articles were read to confirm
their eligibility to be included in the review. A total of 47 articles were deemed inappropriate
at this stage and were excluded from further consideration, thus resulting in 108 articles.
Many studies were excluded at this stage as they did not discuss the use of technology in
educational settings, and research was not conducted in the BE context.

In the final stage, these 108 articles were downloaded and read thoroughly to ensure
that the information presented in the articles met the study’s objectives. At this stage, another
47 articles were excluded as they failed to meet the inclusion criteria. Finally, 61 articles were
included. Figure 1 summarizes the research method used.

5 Scopus (N=219) ProQuest (N=31) Google Scholar (N=376)
®
o
1=
B
=
(]
)
= A Y &
g Number of records after
o removal of duplicates
o (N=281)
Studies excluded
(N=173)
4
2
= Number of records after
7:30 reading titles and abstracts
[ (N=108)
Studies excluded
(N=47)
v
3
s Number of records after
Té reading full text (N=61)

Figure 1. Research method following the PRISMA strategy (prepared by the authors).
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The focus on literature published between 2013 and 2023 was chosen to reflect the most
significant recent advancements and shifts in educational technology within the BE sector.
This period is characterized by the rapid evolution of immersive technologies such as VR,
AR, and MR, which have seen increased adoption in educational settings. Additionally,
the onset of the COVID-19 pandemic in early 2020 significantly influenced educational
methodologies worldwide, accelerating the shift towards digital and hybrid learning
models. This specific timeframe ensures that the review captures pivotal technological
and methodological shifts that are most relevant to current and emerging practices in
BE education.

3.4. Data Analysis

Descriptive and thematic analyses are carried out on the finally selected 61 articles.
Descriptive information such as the articles” publication year and journal is accumulated
on an Excel spreadsheet for further analysis. Subsequently, an inductive thematic analysis
is performed to identify the themes from the selected articles. Many previous systematic
reviews adopted an inductive thematic analysis approach when undertaking a systematic
review [50,60,85]. The thematic analysis utilized for identifying themes regarding the
integration of technologies in BE education is based on Braun and Clarke [86]. NVivo,
a qualitative data analysis tool [87], is used to analyze the data from the 61 articles to
address the second research question. The process commences by reading the full text of
the article to help the researchers become familiar with the data, followed by generating
codes on NVivo. The codes are then consolidated to develop themes that address the second
research question. Finally, the codes are reviewed to ensure that the codes represent the
themes accurately.

In order to address the second research question, four themes emerge from the
61 reviewed studies. These include technology and student engagement, technology
and learning outcomes, technology and employability, and challenges in implementing
technologies in BE education. Table 1 illustrates the identified themes and the correspond-
ing codes of the 61 reviewed articles, which explain how emerging technologies can benefit
BE students and educators.

Table 1. Themes and corresponding codes with the reviewed articles.

Themes Codes Articles Frequency

Engagemont in BF Education _ engagement,inerests, and compraension 12757275551 °
Increased students’ motivation [7,28,75,92-94] 6
Better engagement in the design process [37,70,71,92,95] 5
Providing real-time experiences in safe settings  [37,72,91,96] 4
ineracton with vl sl dels 0,05 ;
Facilitation of active learning [7,28,97] 3
Improved critical thinking [7,98,99] 3
ir:llgrtzzfrtl:l V\f;)iaborative learning [89,98,99] 3
Improved engagement with equipment [37,91,93] 3
Provi.ding inFeresting and realistic [29,39] 2
learning settings
Improved comprehension and (71] 1

practical abilities

Dynamic interaction with information [95] 1
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Table 1. Cont.

Themes Codes Articles Frequency

Technology and Learning Improved immersive and interactive

Outcomes in BE Education learning experiences [7,28,37,69-71,90,92,95] ?
Increased knowledge and skills [7,8,27,28,88,89,97,100] 8
i?gre%‘ﬁ?obnf;;lig experiences [7,28,37,70,71,92,95] 7
Enhanced learning outcomes [69,90,101-103] 5
ir(r)lrf)sﬁzzzz (:/risuahzatlon ar(lid undelrstandmg of [18,27,77,104] 5

processes and complex concepts

Increased safety training and education [72,89,91,94,105] 5
Enhanced students’ comprehension of [37,70,71,92,95] 5
structural elements
Facilitation of construction methodologies [37,70,71,92,95] 5
Improved hazard identification [72,89,105] 3
Improved students’ academic performance [26,77,106] 3
and decision-making Y
Self-directed learning resources and
problem-based learning (1011031 2
Improved understanding of subjects, grades, [101,103] 2
and educational experiences T
Improved both hard and soft skills [98,99] 2
Ability to carry out a virtual exploration of [37,91] 2
construction sites o
Improved spatial and graphical skills [29,39] 2
Comprehension of challenging [29,39] 2
assembly processes "
Integrating in-class demonstration [101,103] 2
Ability to test ideas and receive [95] 1
immediate feedback
By equipping students with necessary

Technology and Employability =~ knowledge and competencies, and more [9,70,98-100,107] 6

in BE Education competitive in the job market by expanding T ’
their knowledge of cutting-edge technologies

Challenges in Implementin Restricted access to resources, high costs, need

§¢s 1 b ‘& for training, and requirement for a [8,27,69,88,90,92,98,103,108-110] 11

Technologies in BE Education . .
foundational understanding of usage
Complexity of implementation [27,103,111] 3
Poor integration with other
design methodologies [28,69,951 3
Faculty reluctance [27,103] 2
Motion sickness [88] 1

4. Review Results
4.1. Descriptive Analysis

The descriptive analysis examines the annual publication trends and distribution of the
reviewed studies across journals. This systematic review is based on 61 studies published
between 2014 and 2023, inclusive, focusing on the role of technology in BE education.
Figure 2 shows the annual publication of the reviewed studies involved. The annual
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research trend shows that more than 80% were published in the last five years, with the
highest number (18) published in 2022. The average number of studies over the previous
five years (2019-2023) has increased exponentially to 9.8% from 2.4% in the preceding
five years (2014-2018). This can be attributed to various reasons, such as the ubiquitous
adoption of online teaching during COVID-19, increased awareness of improving student
engagement in learning, and proliferation of technology in construction/BE-related tasks.

20
18
16
14

8

6

4

: 111
. U

2023 2022 2021 2020 2019 2018 2017 2016 2015 2014

No. of articles
=
o

Year of publication

Figure 2. Annual publication trends between 2014 and 2023.

The reviewed 61 studies were published in 41 different journals worldwide. This
shows the growing interest of studies and journals in the inclusion of technology in BE
education. The top five journals where approximately 36% of the studies were published are
the Journal of Information Technology in Construction (6), Buildings (5), Sustainability (4),
Journal of Professional Issues in Engineering Education and Practice (3), and International
Journal of Construction Education and Research (3). Construction Innovation, International
Journal of Engineering Education, Research in Learning Technology, and Applied Sciences
published two articles each in the last decade. The other 32 studies were published in
32 different journals. Figure 3 shows the journal-wise distribution.
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Figure 3. Distribution of studies across different journals.

4.2. Thematic Analysis
4.2.1. Commonly Used Technologies in BE Education

Based on the 61 peer-reviewed journal articles, this section outlines the list of tech-
nologies that are frequently used by BE educators in higher education. Highlighting these
technologies is significant as educators can benefit from this list in a number of ways.
Higher education academics can be aware of the most frequently used technologies and
how they have been integrated and implemented in pedagogy. These technologies provide
students with hands-on learning experiences and practical approaches to real-world prob-
lems. BE students can experience improved learning, develop relevant skills, align with
industry needs, foster innovation and problem-solving skills, and stay competitive globally.
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Synthesizing the most broadly used technologies will help BE educators select the most
appropriate technologies for widespread application.

Table 2 presents the most extensively used technologies, with VR, AR, and BIM
appearing in 38%, 21%, and 13% of the reviewed papers, respectively. Less frequently
used technologies include gamification, Extended Reality (XR), Mixed Reality (MR), 3D
scanning, drones, Interactive Voice Response (IVR), computer-aided technologies (CATs),
Enhanced Virtuality (EV), and laser scanning.

Table 2. Most widely used technology in BE education.

Emerging Technologies in BE Education  Articles Frequency
Virtual Reality (VR) [7,26-29,37,69-72,88,89,91-93,95,96,100,103,105,106,112,113] 23
Augmented Reality (AR) [26-29,72,93,100,103-105,107,110,113] 13
Building Information Modeling (BIM) [7,26,98-100,105,109,110] 8
Gamification [29,37,70,92,95,97,105] 7
Extended Reality (XR) [8,27,69,90,103] 6
Mixed Reality (MR) [26-28] 4
3D scanning [26-28] 3
Drones [26-28] 3
Interactive Voice Response (IVR) [8,27] 2
Computer-aided technologies (CATs) [75] 1
Enhanced virtuality (EV) [94] 1
Laser scanning [109] 1

4.2.2. Enhancing Student Engagement through Technology in BE Education

The use of technologies in BE education has improved student engagement and
contributed significantly to raising student enthusiasm and satisfaction. The integration
of technologies creates an exciting learning environment in the classroom rather than the
traditional one-way didactic learning environment. Generation Z students show extreme
interest in the use of technology [47].

VR technology, for example, has been shown to positively impact student motivation
in architecture education by allowing them to interact with virtual architectural details and
understand spatial linkages [29,70,92,95]. VR simulations enable students to explore con-
struction sites and engage with equipment safely, providing real-world experiences [37,91].
Kuncoro [96] highlighted how VR simulations of earthquake-resistant structures enhanced
student understanding through experiential learning. This immersive approach aligns with
Pedro et al. [102], who found that VR-based frameworks significantly augment engagement
in construction safety education.

Similarly, AR technology aids the visualization and understanding of construction
processes by providing access to 3D images. Students find AR interesting due to its mobile
accessibility and interactive simulations [104]. AR improves motivation and investigative
skills while enhancing interactive learning in building and architecture education [93]. The
design of complex teaching scenarios is made possible by AR-supported teaching platforms
that bridge the gap between AR and open BIM [110].

Pedagogy frameworks incorporating VR and AR technologies emphasize active learn-
ing and knowledge construction processes. These frameworks enable students to construct
knowledge and improve critical thinking skills [7]. They also facilitate hazard identification
and safety training [72,105].

XR technologies, including VR, AR, and MR, create immersive and interactive learning
experiences that enhance student understanding and engagement. These technologies re-
duce cognitive load and facilitate digital prototyping, improving learning outcomes [69,90].
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Gamification also improves student involvement and attitudes towards learning [97]. ICT
and digital education support collaborative learning and effective information retrieval [99].

Mixed mobile reality using AR and VR creates an improved learning environment [28].
Construction safety training using EV enhances learner motivation [94]. Immersive videos
such as 360-degree and 180-degree formats engage technologically inclined students [114].
Ummihusna and Zairul [77] found that immersive learning technologies, including games,
improve performance, decision-making, and visualization. CATs simulate real-world
work environments, boosting user interest [75]. Social VR systems with cooperative learn-
ing and hazard inspection modules enhance construction safety education by improving
engagement and emotional impact [89].

By incorporating these technologies, educators can provide dynamic and exciting
learning environments to teach students BE challenges. Student comprehension and
practical abilities are improved by the immersive, interactive, and personalized learning
experiences created by the technologies [71]. These innovations stimulate active learning,
provide immersive learning environments, and give students access to robust tools and
resources. By leveraging these technologies in the BE area, educators can improve student
motivation, happiness, and learning outcomes.

4.2.3. Improving Learning Outcomes with Technology in BE Education

Technology integration has significantly enhanced educational outcomes in BE. Stu-
dents can visualize complex engineering designs, virtually explore construction sites,
analyze datasets, and obtain real-time data from sites. These technologies collectively
enhance learning outcomes in BE education.

For instance, VR technology offers an interactive and immersive environment that im-
proves comprehension of structural elements and construction methodologies [37,70,71,92,95].
VR improves student performance compared to traditional methods and enhances construction
safety education by mimicking real-world sites [72,91,106].

AR technology enhances spatial and graphical skills, critical thinking, and comprehen-
sion of complex assembly processes, creating engaging and realistic learning settings [29,39].
AR and VR integration in BE education leads to higher levels of learning and content
knowledge [113]. A 4D construction learning environment improves subject understand-
ing, grades, and educational experiences [101,103]. XR and IVR technologies promote
knowledge retention and visualization of complex concepts [8,27].

According to Mahat et al. [97], game-based learning promotes knowledge creation and
strengthens fundamental skills. Additionally, VR games have been proven to help students
achieve greater knowledge evaluation results [112]. Le et al. [89] found that incorporating
VR into online social VR systems creates immersive experiences that help students retain
knowledge. By supporting knowledge creation and motivation, active learning frameworks
based on VR pedagogy and digital technologies improve the learning experience [7,28].
In a fascinating study by King et al. [88], it was demonstrated that VR systems with Al
enhancements boost skill development and teacher-student engagement.

Integrating BIM and ICT into BE education, as highlighted by Lucas [98] and Xu et al. [99],
encourages students to work together, think critically, and develop hard and soft skills.
Students can use digital tools for effective information retrieval and to understand how BIM
affects construction processes. Student performance improves when BIM is included in VR
as a teaching aid [26]. Furthermore, laser scanning technology assists in documenting and
modeling existing buildings in BIM, improving students” comprehension of BIM procedures
and their comfort level with the technology [109].

BIM, gaming, VR, and AR are just a few examples of virtual environments that have
been proven to improve safety learning and shorten learners’ time to become proficient in
their field of work [105]. Personalized education, self-education, and increased knowledge
and skills are made possible by combining VR, cloud-based education systems, digital
textbooks, multimedia training courses, and BIM technology [100].
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In short, these technologies help improve learning outcomes, such as increased re-
tention of the subject content, higher student performance, and improved safety and
subject-matter expertise. The immersive and interactive features of these tools increase
engagement, support efficient learning processes, and close the gap between theory and
practice, putting students in a strong position for BE employment.

4.2.4. Enhancing Employability Skills through Technology in BE Education

Integrating technology in BE education can significantly enhance students” employa-
bility skills by equipping them with the necessary knowledge and competencies demanded
by the industry [9]. The construction and building industry is heavily reliant on such
technologies as Digital Twin, artificial intelligence (AI), IoT, BIM, and Smart Vision (SV)
to improve the efficiency, accuracy, and productivity of building work [115]. The indus-
try is striving to adopt Industry 4.0 by adopting digital technologies. To keep pace with
the rapidly evolving industry, BE students need to shape their skills to meet the indus-
try’s criteria. The use, integration, and implementation of technologies in BE education
will make students employable as technologies are being implemented in most of the
construction- and building-related work. Lacking skills in the use of technologies may
jeopardize students’ ability to remain competitive on a global scale.

Several studies have examined how different technologies affect employability in BE
education, highlighting the function and efficacy of various technology tools. Lu’s [70]
exploration of the use of VR technology in teaching architectural technology claims that
it improves students’ job market competitiveness by enhancing their understanding of
advanced technologies.

ICT and digital education have also shown promise in enhancing employability in
BE education. The advantages of digital education for engineering students’ abilities and
employability are highlighted by Xu et al. [99]. Educators can monitor student progress,
encourage collaborative learning, and improve information retrieval skills by incorporating
digital training. To better prepare students for the digitalized economy and increase their
employability, Lasheen et al. [107] also emphasize the significance of incorporating such
digital technologies as blockchain, IoT, AR, and BIM into BE education curricula. Addition-
ally, Pugacheva et al. [100] highlight the importance of integrating different technologies
into professional skill development training, which offers a whole educational process that
leads to acquiring the requisite knowledge and abilities. Abidoye et al. [9] emphasize the
importance of technology-related skills such as data science analysis techniques, machine
learning, Al, and blockchain for students” employability in the construction sector. Ac-
cording to Lucas [98], BIM benefits students” employment in the construction sector since
employers’ value relevant BIM knowledge. Shanbari et al. [109] highlight the importance
of understanding BIM practices and technologies, including laser scanning, in the construc-
tion industry. Integrating these technologies into work processes increases efficiency and
competitiveness in the job market.

Studies show that using technologies such as VR, digital learning, BIM, and laser scan-
ning promotes crucial skill development, immersive learning opportunities, and industry
alignment for students in the BE sector. While the findings from the reviewed studies
provide valuable insights into the impact of technology on employability in BE education,
it is important to note the need for further research. For instance, more empirical evidence
is needed to determine how VR technology affects students” employability when teaching
architectural technology [70]. Similarly, Hajirasouli et al.’s study [7] suggests a VR-based
instructional framework for architectural design studios but does not offer any concrete
proof of the framework’s effect on employability. Therefore, more investigation is needed
to examine the precise effects of various technologies on students’ employability and to
improve existing pedagogical frameworks or develop novel approaches that adequately
prepare students for the industry’s changing needs [29,116].
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4.2.5. Challenges in Implementing Technologies in BE Education

Technology integration in BE education has positively affected student engagement, learn-
ing outcomes, and employability skills. According to several studies [69,90,92,95,106,108],
these technologies have been shown to improve visual and spatial recognition, student moti-
vation, spatial perception, imagination, and technical abilities. However, studies emphasize
the need to evaluate the application of the technologies and determine a suitable practical
framework to maximize the benefits and advantages they offer [93,116]. The implementation
of technologies also faces several difficulties, including restricted access to resources, high
costs, lack of empirical evidence, potential restrictions on creativity, the need for training, and
the requirement for a foundational understanding of how to use them [69,90,92,108-110].

According to [70], better VR tools that align with architectural technology knowl-
edge are required. Existing VR and AR applications need to address issues such as user-
friendliness, screen size limitations, site accessibility, and the provision of sufficient spatial
learning experiences [29,93,103]. Integrating AR into construction technology courses
also demands sufficient resources and addresses the challenges of understanding 2D
drawings [104]. The requirement for specific educational objectives, lack of case studies,
rapid technological improvements, the cost and complexity of implementation, faculty
reluctance, and lack of assessment tools are additional difficulties associated with XR
technologies [27,103].

Implementing BIM in the classroom involves such difficulties as training and balanc-
ing technical skill development with conceptual-based discussions [98]. IVR technology
faces issues related to standardization, cost, and the knowledge—experience gap [8]. Digi-
tal transformation is also hampered by the industry’s reluctance to change and a lack of
technical expertise [111]. Additional hurdles include various tools, hardware compatibility,
integration with other design methodologies, and aligning VR implementation with learn-
ing theories [28,69,95]. In addition to these drawbacks, VR also has training needs, and
some users experience motion sickness while using this technology [88]. A lack of lectures
or exercises on drawing 2D representations of 3D phenomena and having insufficient site
visits hinder teaching building specifics [117].

The COVID-19 pandemic also increased the need for digital transformation in the AEC
sector. It prompted businesses to prioritize digital transformations and obliged quick improve-
ments [111]. According to Mahat et al. [97], the pandemic raised the demand for creative
methods in BE education to involve students in an active environment. The COVID-19 pan-
demic brought further attention to the drawbacks of in-person visits and the value of online
resources [90,95]. Additionally, it raised the demand for online resources and underlined
the importance of cutting-edge technologies in remote learning [37] and the necessity for
innovative and adaptable educational paradigms [103].

To realize these technologies’ potential fully, issues such as the need for better tools, de-
velopments required in educational institutions, cost, standardization, and industry adoption
need to be resolved. Construction site visits and interactive virtual teaching spaces are exam-
ples of helpful, practical learning experiences in BE education. Educators should invest in
assessment tools and acquire digital skills. Students will be more prepared for the workplace
if solutions to overcome these obstacles are found. The pedagogic potential of these technolo-
gies should be investigated, and their application should align with learning theories [100].
The relevance of technologies for distant learning and overcoming physical limitations was
highlighted by the COVID-19 pandemic [37,63]. By addressing these challenges, technologies
can dramatically improve student engagement, learning results, and employability skills in
BE education.

5. Conclusions

This systematic review explores the evolving landscape of technology integration
in BE education from 2013 to 2023. The literature reveals a compelling narrative of how
emerging technologies, including VR, AR, MR, and diverse digital tools, are reshaping
pedagogical practices and enhancing learning experiences.



Buildings 2024, 14, 2769

15 of 21

Throughout this review, it has become evident that technology integration in BE educa-
tion is not merely a trend, but a necessity driven by the demands of the modern workforce
and the dynamic nature of the BE industry. The integration of digital technologies addresses
critical challenges traditional teaching methods face, offering immersive, interactive, and
experiential learning environments that better prepare students for the complexities of
real-world projects.

From the foundational role of BE education in socio-economic development to the
imperative for digital transformation accelerated by the COVID-19 pandemic, each section
of this review underlines the significance of technology integration in advancing educa-
tional outcomes and equipping graduates with the skills needed to thrive in the industry.
Addressing the research gaps and challenges identified in this review will help educational
institutions and policymakers leverage technology to drive meaningful advancements in BE
education, ultimately contributing to socio-economic development and global prosperity.

6. Future Research

Based on the findings of this review, several key future research directions are identi-
fied that warrant further exploration:

Empirical Evaluation of Technology Integration: Future research should prioritize
empirical studies that evaluate the specific effects of different technologies on student
learning outcomes and employability skills. Longitudinal studies are particularly needed
to provide deeper insights into the long-term impact of technology on educational outcomes
and job readiness. This will help in quantifying the benefits and identifying any potential
drawbacks associated with the use of emerging technologies in BE education.

Development and Evaluation of Pedagogical Frameworks: There is a need for re-
search focused on developing and testing pedagogical frameworks that effectively incorpo-
rate technology into BE education. This includes optimizing and incorporating the use of
digital tools within the curriculum, creating appropriate and authentic assessment methods
for technology-enhanced learning, and training educators to use these tools effectively.
Understanding the best practices for technology integration will help in standardizing its
use across BE programs globally.

Implementation Challenges: Despite the evident benefits, the implementation of tech-
nology in BE education faces several challenges, including resource limitations, cost barriers,
change fatigue among the educators, and faculty reluctance. Future research should explore
strategies to overcome these challenges, such as developing cost-effective, user-friendly
tools and promoting industry-wide adoption of technology-driven approaches. Investi-
gating ways to provide adequate support and training for educators will also be crucial in
ensuring successful implementation.

Promoting Global Equity in BE Education: The disparity in educational resources
between developed and underdeveloped regions presents a significant challenge. Research
should focus on how technology can be leveraged to bridge these gaps, ensuring that
students in all regions have access to high-quality BE education. This includes exploring
the role of open access digital tools, online learning platforms, and global partnerships in
enhancing educational equity and promoting socio-economic development worldwide.

Adapting to Rapid Technological Advancements: As technology continues to evolve,
BE education must adapt by incorporating emerging technologies such as VR, AR, and
gamification. Future research should examine how these advancements can be integrated
effectively into the curriculum to enhance student engagement, learning outcomes, and
employability skills. Additionally, research should explore the implications of future
technological trends, such as artificial intelligence (Al) and machine learning (ML), on BE
education and how they can be utilized to further enhance the learning experience.
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7. Theoretical and Practical Implications

This research provides significant theoretical and practical implications for higher
education policymakers, academics, and future researchers exploring digital technologies
in educational settings.

Theoretical Implications: This research addresses a notable gap in the literature by
examining the role of digital technologies in Built Environment (BE) education. As higher
education increasingly embraces digital advancements, understanding their impact is cru-
cial. This study identifies critical themes in the existing literature, offering a comprehensive
understanding of how digital technologies enhance students’ learning experiences in BE
education. By synthesizing these findings, the research provides a foundation for academics
to explore digital technologies” prominent uses and benefits. Furthermore, it outlines future
research avenues, serving as a toolkit for advancing the body of knowledge in this field.

Practical Implications and Recommendations: Academics and Educators in BE Educa-
tion: Academics should integrate emerging digital technologies, such as VR and AR, into their
teaching practices to enhance student engagement, learning outcomes, and employability
skills. This study’s findings underscore the importance of moving beyond traditional lecture-
based methods to adopt interactive and experiential learning tools. Therefore, educators can
better prepare students for the demands of the modern workforce, equipping them with the
digital fluency and critical thinking skills that employers increasingly seek.

Higher Education Policymakers: Policymakers should support the seamless inte-
gration of digital technologies across BE education curricula by providing the necessary
resources, training, and institutional support. This will ensure that educational programs
remain competitive and relevant in a technology-driven global economy, ultimately leading
to the production of highly skilled graduates ready to contribute to industry innovation
and sustainability.

Employers in the Built Environment Sector: Employers should collaborate with higher
education institutions to define the specific digital competencies required in the industry
and support initiatives that align educational outcomes with these needs. This is to ensure
that graduates entering the workforce are proficient in the latest digital tools and practices,
reducing the skill gap and enhancing overall industry productivity.

Students in BE Education: Students should actively engage with digital learning tools and
resources provided in their courses to develop the skills and knowledge necessary for success in
a rapidly evolving industry. Hence, students can enhance their learning experience and improve
their employability, making them more competitive in the job market.
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Nomenclature

AEC architecture, engineering, and construction
Al artificial intelligence

AR Augmented Reality

BIM Building Information Modelling

BE Built Environment

CATs computer-aided technologies

DT Digital Twin

EV Enhanced Virtuality
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GBL gamification-based learning

ICTs information and communication technologies

ToT Internet of Things

IVR Interactive Voice Response

MR Mixed Reality

PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-analyses
SLR systematic literature review

SV Smart Vision

VR Virtual Reality

XR Extended Reality

References

1. Portella, A.A. Built environment. In Encyclopedia of Quality of Life and Well-Being Research, 1st ed.; Michalos, A.C., Ed.; Springer
Science+Business Media: Dordrecht, The Netherlands, 2014; pp. 454—461.

2. Kamalipour, H.; Peimani, N. Towards an Informal Turn in the Built Environment Education: Informality and Urban Design
Pedagogy. Sustainability 2019, 11, 4163. [CrossRef]

3. Ndou, M.; Aigbavboa, C.O. A Theoretical Review of Ecological Economic Thinking amongst Professionals in the Built Environ-
ment. Procedia Manuf. 2017, 7, 523-528. [CrossRef]

4. Opoku, A.; Guthrie, P. Education for sustainable development in the built environment. Int. J. Constr. Educ. Res. 2018, 14, 1-3.
[CrossRef]

5. Siriwardena, M.; Malalgoda, C.; Thayaparan, M.; Amaratunga, D.; Keraminiyage, K. Disaster resilient built environment: Role of
lifelong learning and the implications for higher education. Int. J. Strateg. Prop. Manag. 2013, 17, 174-187. [CrossRef]

6. Ebekozien, A.; Aigbavboa, C.O.; Aliu, J.; Thwala, W.D. Generic Skills of Future Built Environment Practitioners in South Africa:
Unexplored Mechanism Via Students’ Perception. J. Eng. Des. Technol. 2022, 22, 561-577. [CrossRef]

7.  Hajirasouli, A.; Banihashemi, S.; Sanders, P.; Rahimian, F. BIM-enabled Virtual Reality (VR)-based Pedagogical Framework in
Architectural Design Studios. Smart Sustain. Built Environ. 2023. [CrossRef]

8. Sami Ur Rehman, M.; Abouelkhier, N.; Shafiq, M.T. Exploring the Effectiveness of Immersive Virtual Reality for Project Scheduling
in Construction Education. Buildings 2023, 13, 1123. [CrossRef]

9.  Abidoye, R.; Lim, B.T.H.; Lin, Y.C.; Ma, ]. Equipping Property Graduates for the Digital Age. Sustainability 2022, 14, 640. [CrossRef]

10. Kahu, E.R.; Nelson, K. Student engagement in the educational interface: Understanding the mechanisms of student success. High.
Educ. Res. Dev. 2018, 37, 58-71. [CrossRef]

11.  Zhang, J.; Xie, H.; Schmidt, K.; Xia, B.; Li, H.; Skitmore, M. Integrated experiential learning-based framework to facilitate
project planning in civil engineering and construction management courses. J. Prof. Issues Eng. Educ. Pract. 2019, 145, 05019005.
[CrossRef]

12.  Ruge, G.; McCormack, C. Building and construction students’ skills development for employability—reframing assessment for
learning in discipline-specific contexts. Archit. Eng. Des. Manag. 2017, 13, 365-383. [CrossRef]

13. Bhoir, S.; Esmaeili, B. State-of-the-art Review of Virtual Reality Environment Applications in Construction Safety. AEI
2015, 2015, 457-468.

14. Shirazi, A.; Behzadan, A.H. Content Delivery Using Augmented Reality to Enhance Students’ Performance in a Building Design
and Assembly Project. Adv. Eng. Educ. 2015, 4, n3.

15.  Obi, N.L; Obi JS, C.; Okeke, FO.; Nnaemeka-Okeke, R.C. Pedagogical Challenges of Architectural Education in Nigeria; Study of
Curriculum Contents and Physical Learning Environment. Eur. J. Sustain. Dev. 2022, 11, 32. [CrossRef]

16. Rybakova, A.; Shcheglova, A.; Bogatov, D.; Alieva, L. Using interactive technologies and distance learning in sustainable
education. E3S Web Conf. 2021, 250, 07003. [CrossRef]

17.  Hayden, I. An evaluation of the design and use of applied visual interactive resources for teaching building regulations in higher
education built environment programmes. Archit. Eng. Des. Manag. 2019, 15, 159-180. [CrossRef]

18. Gledson, B.].; Dawson, S. Use of simulation through BIM-enabled virtual projects to enhance learning and soft employability
skills in architectural technology education. In Building Information Modelling, Building Performance, Design and Smart Construction;
Dastbaz, M., Gorse, C., Moncaster, A., Eds.; Springer: Cham, Switzerland, 2017. [CrossRef]

19. Al-Maskari, A.; Al Riyami, T.; Ghnimi, S. Factors affecting students” preparedness for the fourth industrial revolution in higher
education institutions. J. Appl. Res. High. Educ. 2022, 16, 246-264. [CrossRef]

20. Gleason, N.W. Higher Education in the Era of the Fourth Industrial Revolution; Springer Nature Palgrave Macmillan: Singapore,
2018; p. 229.

21. AbuMezied, A. What Role Will Education Play in the Fourth Industrial Revolution. In World Economic Forum. 2016. Avail-
able online: https://www.weforum.org/agenda/2016/01/what-role-will-education-play-in-the-fourth-industrial-revolution
(accessed on 12 August 2024).

22. Shahroom, A.A.; Hussin, N. Industrial revolution 4.0 and education. Int. J. Acad. Res. Bus. Soc. Sci. 2018, 8, 314-319. [CrossRef]

23. Oke, A; Fernandes, FA.P. Innovations in teaching and learning: Exploring the perceptions of the education sector on the 4th

industrial revolution (4IR). J. Open Innov. Technol. Mark. Complex. 2020, 6, 31. [CrossRef]


https://doi.org/10.3390/su11154163
https://doi.org/10.1016/j.promfg.2016.12.065
https://doi.org/10.1080/15578771.2018.1418614
https://doi.org/10.3846/1648715X.2013.806373
https://doi.org/10.1108/JEDT-10-2021-0571
https://doi.org/10.1108/SASBE-07-2022-0149
https://doi.org/10.3390/buildings13051123
https://doi.org/10.3390/su14020640
https://doi.org/10.1080/07294360.2017.1344197
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000421
https://doi.org/10.1080/17452007.2017.1328351
https://doi.org/10.14207/ejsd.2022.v11n4p32
https://doi.org/10.1051/e3sconf/202125007003
https://doi.org/10.1080/17452007.2018.1561413
https://doi.org/10.1007/978-3-319-50346-2_6
https://doi.org/10.1108/JARHE-05-2022-0169
https://www.weforum.org/agenda/2016/01/what-role-will-education-play-in-the-fourth-industrial-revolution
https://doi.org/10.6007/IJARBSS/v8-i9/4593
https://doi.org/10.3390/joitmc6020031

Buildings 2024, 14, 2769 18 of 21

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Garzoén, J.; Acevedo, J. Meta-analysis of the impact of Augmented Reality on students’ learning gains. Educ. Res. Rev.
2019, 27, 244-260. [CrossRef]

Solnosky, R.; Parfitt, M.K.; Holland, R. Delivery methods for a multi-disciplinary architectural engineering capstone design
course. Archit. Eng. Des. Manag. 2015, 11, 305-324. [CrossRef]

Alizadehsalehi, S.; Hadavi, A.; Huang, J.C. Assessment of AEC students’ performance using BIM-into-VR. Appl. Sci. 2021, 11, 3225.
[CrossRef]

Spitzer, B.O.; Ma, ].H.; Erdogmus, E.; Kreimer, B.; Ryherd, E.; Diefes-Dux, H. Framework for the Use of Extended Reality
Modalities in AEC Education. Buildings 2022, 12, 2169. [CrossRef]

Vasilevski, N.; Birt, ]. Analysing Construction Student Experiences of Mobile Mixed Reality Enhanced Learning in Virtual and
Augmented Reality Environments. Res. Learn. Technol. 2020, 28. [CrossRef]

Hajirasouli, A.; Banihashemi, S. Augmented Reality in Architecture and Construction Education: State of the Field and Opportu-
nities. Int. J. Educ. Technol. High. Educ. 2022, 19, 39. [CrossRef]

Hussein, H.A.A. Integrating augmented reality technologies into architectural education: Application to the course of landscape
design at Port Said University. Smart Sustain. Built Environ. 2023, 12, 721-741. [CrossRef]

Ibafiez, M.B.; Di Serio, A.; Villaran, D.; Kloos, C.D. Experimenting with Electromagnetism Using Augmented Reality: Impact on
Flow Student Experience and Educational Effectiveness. Comput. Educ. 2014, 71, 1-13. [CrossRef]

Thompson, P. The Digital Natives as Learners: Technology Use Patterns and Approaches to Learning. Comput. Educ.
2013, 65, 12-33. [CrossRef]

Sanchez-Mena, A.; Marti-Parrefio, J. Drivers and barriers to adopting gamification: Teachers’ perspectives. Electron. |. e-Learn.
2017, 15, 434-443.

Diao, PH.; Shih, N.J. Trends and Research Issues of Augmented Reality Studies in Architectural and Civil Engineering Education—
A Review of Academic Journal Publications. Appl. Sci. 2019, 9, 1840. [CrossRef]

Ayer, SK.; Messner, ].I; Anumba, C.J. Augmented Reality Gaming in Sustainable Design Education. ]. Archit. Eng.
2016, 22, 04015012. [CrossRef]

Aguayo, C.; Cochrane, T.; Narayan, V. Key Themes in Mobile Learning: Prospects for Learner-generated Learning Through AR
and VR. Australas. |. Educ. Technol. 2017, 33. [CrossRef]

Sepasgozar, S.M. Digital Twin and Web-Based Virtual Gaming Technologies for Online Education: A Case of Construction
Management and Engineering. Appl. Sci. 2020, 10, 4678. [CrossRef]

Patil, K.R.; Ayer, S.K.; Wu, W,; London, ]J. Mixed Reality Multimedia Learning to Facilitate Learning Outcomes from Project Based
Learning. In Construction Research Congress; American Society of Civil Engineers: Reston, VA, USA, 2020; pp. 153-161.

Kim, J; Irizarry, J. Evaluating the Use of Augmented Reality Technology to Improve Construction Management Student’s Spatial
Skills. Int. ]. Constr. Educ. Res. 2021, 17,99-116. [CrossRef]

Noghabaei, M.; Heydarian, A.; Balali, V.; Han, K. Trend Analysis on Adoption of Virtual and Augmented Reality in the
Architecture, Engineering, and Construction industry. Data 2020, 5, 26. [CrossRef]

Cochrane, T.; Smart, F.; Narayan, V. Special Issue on Mobile Mixed Reality. Res. Learn. Technol. 2018, 26. [CrossRef]

Ebekozien, A.; Aigbavboa, C.; Aliu, J. Built environment academics for 21st-century world of teaching: Stakeholders’ perspective.
Int. ]. Build. Pathol. Adapt. 2023, 41, 119-138. [CrossRef]

Moghayedi, A.; Le Jeune, K.; Massyn, M.; Ekpo, C. Establishing the key elements of incorporation and outcomes of 4th industrial
revolution in built environment education: A mixed bibliographic and bibliometric analysis. J. Constr. Proj. Manag. Innov. 2020,
10, 1-19. [CrossRef]

Rennie, L.J.; Stocklmayer, S.; Gilbert, ] K. Supporting Self-Directed Learning in Science and Technology beyond the School Years; Taylor &
Francis: Abingdon, UK, 2019; p. 225.

Ku, K.; Mahabaleshwarkar, P.S. Building Interactive Modeling for Construction Education in Virtual Worlds. 2011. Available
online: http://hdlLhandle.net/10919/92597 (accessed on 12 August 2024).

Keenaghan, G.; Horvath, . State of the Art of Using Virtual Reality Technologies in Built Environment Education. In Proceedings
of the TMCE 2014, Budapest, Hungary, 19-23 May 2014.

Tumpa, R.J.; Ahmad, T.; Naeni, L.M.; Kujala, J. Computer-based Games in Project Management Education: A Review. Proj.
Leadersh. Soc. 2024, 5, 100130. [CrossRef]

Wang, L.H.; Chen, B.; Hwang, G.J.; Guan, ].Q.; Wang, Y.Q. Effects of digital game-based STEM education on students’ learning
achievement: A meta-analysis. Int. ]. STEM Educ. 2022, 9, 26. [CrossRef]

Li, X,; Yi, W,; Chi, HL.; Wang, X.; Chan, A.P. A critical review of virtual and augmented reality (VR/AR) applications in
construction safety. Autom. Constr. 2018, 86, 150-162. [CrossRef]

Zhang, Y.; Liu, H.; Kang, S.C.; Al-Hussein, M. Virtual reality applications for the built environment: Research trends and
opportunities. Autom. Constr. 2020, 118, 103311. [CrossRef]

Skaik, S.; Tumpa, R.J. A case study of the practical implications of using interactive technology in teaching international
postgraduate students. Contemp. Educ. Technol. 2021, 14, ep335. [CrossRef] [PubMed]

Sampaio, A.Z.; Ferreira, M.M.; Rosario, D.P.; Martins, O.P. 3D and VR models in Civil Engineering education: Construction,
rehabilitation and maintenance. Autom. Constr. 2010, 19, 819-828. [CrossRef]


https://doi.org/10.1016/j.edurev.2019.04.001
https://doi.org/10.1080/17452007.2014.925418
https://doi.org/10.3390/app11073225
https://doi.org/10.3390/buildings12122169
https://doi.org/10.25304/rlt.v28.2329
https://doi.org/10.1186/s41239-022-00343-9
https://doi.org/10.1108/SASBE-08-2021-0132
https://doi.org/10.1016/j.compedu.2013.09.004
https://doi.org/10.1016/j.compedu.2012.12.022
https://doi.org/10.3390/app9091840
https://doi.org/10.1061/(ASCE)AE.1943-5568.0000195
https://doi.org/10.14742/ajet.3671
https://doi.org/10.3390/app10134678
https://doi.org/10.1080/15578771.2020.1717680
https://doi.org/10.3390/data5010026
https://doi.org/10.25304/rlt.v26.2195
https://doi.org/10.1108/IJBPA-04-2022-0062
https://doi.org/10.36615/jcpmi.v10i1.350
http://hdl.handle.net/10919/92597
https://doi.org/10.1016/j.plas.2024.100130
https://doi.org/10.1186/s40594-022-00344-0
https://doi.org/10.1016/j.autcon.2017.11.003
https://doi.org/10.1016/j.autcon.2020.103311
https://doi.org/10.30935/cedtech/11372
https://www.ncbi.nlm.nih.gov/pubmed/38762650
https://doi.org/10.1016/j.autcon.2010.05.006

Buildings 2024, 14, 2769 19 of 21

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

79.

80.

81.

Repetto, C.; Serino, S.; Macedonia, M.; Riva, G. Virtual reality as an embodied tool to enhance episodic memory in elderly. Front.
Psychol. 2016, 7, 214435. [CrossRef] [PubMed]

Okada, Y.; Kaneko, K.; Shi, W. Web-based VR Education Contents Supporting VR-goggles and User Study. In Proceedings of the
31st International Conference on Computers in Education, ICCE 2023, Matsue, Japan, 4-8 December 2023; Asia-Pacific Society for
Computers in Education: Taoyuan City, Taiwan, 2023; pp. 774-779.

Young, B.; Ellobody, E.; Hu, T.W. 3D visualization of structures using finite-element analysis in teaching. |. Prof. Issues Eng. Educ.
Pract. 2012, 138, 131-138. [CrossRef]

Han, I. Immersive virtual field trips in education: A mixed-methods study on elementary students’ presence and perceived
learning. Br. |. Educ. Technol. 2020, 51, 420-435. [CrossRef]

Lin, Y.J.; Wang, H.C. Using virtual reality to facilitate learners’ creative self-efficacy and intrinsic motivation in an EFL classroom.
Educ. Inf. Technol. 2021, 26, 4487-4505. [CrossRef]

Rahimian, FP,; Ibrahim, R. Impacts of VR 3D sketching on novice designers’ spatial cognition in collaborative conceptual
architectural design. Des. Stud. 2011, 32, 255-291. [CrossRef]

Jin, R.; Yang, T.; Piroozfar, P.; Kang, B.G.; Wanatowski, D.; Hancock, C.M.; Tang, L. Project-based pedagogy in interdisciplinary
building design adopting BIM. Eng. Constr. Archit. Manag. 2018, 25, 1376-1397. [CrossRef]

Tumpa, R.J.; Skaik, S.; Ham, M.; Chaudhry, G. Authentic Design and Administration of Group-based Assessments to Improve the
Job-readiness of Project Management Graduates. Sustainability 2022, 14, 9679. [CrossRef]

Balogun, T.B. Built environment professionals’ perspective on digital technology skills. Educ. + Train. 2024, 66, 181-194. [CrossRef]
Underwood, J.; Shelbourn, M. (Eds.) Handbook of Research on Driving Transformational Change in the Digital Built Environment; IGI
Global: London, UK, 2021.

Leon, I.; Sagarna, M.; Mora, E; Otaduy, ].P. BIM Application for Sustainable Teaching Environment and Solutions in the Context
of COVID-19. Sustainability 2021, 13, 4746. [CrossRef]

Tumpa, R.J.; Skaik, S.; Ham, M.; Chaudhry, G. Enhancing project management graduates” employability through group assessment
innovations: An empirical study. Proj. Leadersh. Soc. 2023, 4, 100084. [CrossRef]

Bai, X.; He, Y.; Kohlbacher, F. Older people’s adoption of e-learning services: A qualitative study of facilitators and barriers.
Gerontol. Geriatr. Educ. 2020, 41, 291-307. [CrossRef] [PubMed]

Papadonikolaki, E.; Krystallis, I.; Morgan, B. Digital technologies in built environment projects: Review and future directions.
Proj. Manag. J. 2022, 53, 501-519. [CrossRef]

Sawhney, A.; Riley, M.; Irizarry, J. Construction 4.0: An Innovation Platform for the Built Environment; Routledge: London, UK, 2020;
ISBN 9780367027308.

Fernandes, J.O.; Singh, B. Accreditation and ranking of higher education institutions (HEIs): Review, observations and recom-
mendations for the Indian higher education system. TQM J. 2022, 34, 1013-1038. [CrossRef]

Darwish, M.; Kamel, S.; Assem, A.M. A Theoretical Model of Using Extended Reality in Architecture Design Education. Eng. Res.
J.-Fac. Eng. (Shoubra) 2023, 52, 36—45. [CrossRef]

Lu, Y. Teaching Architectural Technology Knowledge Using Virtual Reality Technology. Can. J. Learn. Technol. 2022, 48, 1-26.
[CrossRef]

Lucas, J.; Gajjar, D. Influence of Virtual Reality on Student Learning in Undergraduate Construction Education. Int. J. Constr.
Educ. Res. 2022, 18, 374-387. [CrossRef]

Marinelli, M.; Male, S.A.; Valentine, A.; Guzzomi, A.; Van Der Veen, T.; Hassan, G.M. Using VR to Teach Safety in Design: What
and How Do Engineering Students Learn? Eur. ]. Eng. Educ. 2023, 48, 538-558. [CrossRef]

Xiao, Y.; Watson, M. Guidance on Conducting a Systematic Literature Review. J. Plan. Educ. Res. 2017, 39, 93-112. [CrossRef]
Rauniyar, S.; Awasthi, M.K.; Kapoor, S.; Mishra, A.K. Agritourism: Structured literature review and bibliometric analysis. Tour.
Recreat. Res. 2021, 46, 52-70. [CrossRef]

Gao, Y.; Gonzalez, V.A.; Yiu, T.W. The Effectiveness of Traditional Tools and Computer-aided Technologies for Health and Safety
Training in the Construction Sector: A Systematic Review. Comput. Educ. 2019, 138, 101-115. [CrossRef]

Wen, J.; Gheisari, M. Using Virtual Reality to Facilitate Communication in the AEC Domain: A Systematic Review. Constr. Innov.
2020, 20, 509-542. [CrossRef]

Ummihusna, A.; Zairul, M. Exploring Immersive Learning Technology as Learning Tools in Experiential Learning for Architecture
Design Education. Open House Int. 2022, 47, 605-619. [CrossRef]

Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.; Moher, D.
The PRISMA Statement for Reporting Systematic Reviews and Meta-analyses of Studies that Evaluate Health Care Interventions:
Explanation and Elaboration. Ann. Intern. Med. 2009, 151, W-65-W-94. [CrossRef] [PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. Int. J. Surg.
2021, 88, 105906. [CrossRef]

Benavides, L.M.C.; Tamayo Arias, ].A.; Arango Serna, M.D.; Branch Bedoya, ].W.; Burgos, D. Digital transformation in higher
education institutions: A systematic literature review. Sensors 2020, 20, 3291. [CrossRef]

Mukul, E.; Biiytikézkan, G. Digital transformation in education: A systematic review of education 4.0. Technol. Forecast. Soc.
Chang. 2023, 194, 122664. [CrossRef]


https://doi.org/10.3389/fpsyg.2016.01839
https://www.ncbi.nlm.nih.gov/pubmed/27909424
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000093
https://doi.org/10.1111/bjet.12842
https://doi.org/10.1007/s10639-021-10472-9
https://doi.org/10.1016/j.destud.2010.10.003
https://doi.org/10.1108/ECAM-07-2017-0119
https://doi.org/10.3390/su14159679
https://doi.org/10.1108/ET-08-2023-0309
https://doi.org/10.3390/su13094746
https://doi.org/10.1016/j.plas.2023.100084
https://doi.org/10.1080/02701960.2018.1469488
https://www.ncbi.nlm.nih.gov/pubmed/29757111
https://doi.org/10.1177/87569728211070225
https://doi.org/10.1108/TQM-04-2021-0115
https://doi.org/10.21608/erjsh.2022.168677.1099
https://doi.org/10.21432/cjlt28253
https://doi.org/10.1080/15578771.2021.1931570
https://doi.org/10.1080/03043797.2023.2172382
https://doi.org/10.1177/0739456X17723971
https://doi.org/10.1080/02508281.2020.1753913
https://doi.org/10.1016/j.compedu.2019.05.003
https://doi.org/10.1108/CI-11-2019-0122
https://doi.org/10.1108/OHI-01-2022-0020
https://doi.org/10.7326/0003-4819-151-4-200908180-00136
https://www.ncbi.nlm.nih.gov/pubmed/19622512
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.3390/s20113291
https://doi.org/10.1016/j.techfore.2023.122664

Buildings 2024, 14, 2769 20 of 21

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Cui, C.; Liu, Y;; Hope, A.; Wang, J. Review of Studies on the Public-Private Partnerships (PPP) for Infrastructure Projects. Int. J.
Proj. Manag. 2018, 36, 773-794. [CrossRef]

Zhang, S.; Chan, A.P; Feng, Y.; Duan, H.; Ke, Y. Critical Review on PPP Research—A Search from the Chinese and International
Journals. Int. ]. Proj. Manag. 2016, 34, 597-612. [CrossRef]

Grimaldi, M.; Corvello, V.; De Mauro, A.; Scarmozzino, E. A systematic literature review on intangible assets and open innovation.
Knowl. Manag. Res. Pract. 2017, 15, 90-100. [CrossRef]

Ghanbaripour, A.N.; Tumpa, R.J.; Sunindijo, R.Y.; Zhang, W.; Yousefian, P.; Camozzi, R.N.; Hon, C.; Talebian, N.; Liu, T.; Hemmati,
M. Retention over attraction: A review of women'’s experiences in the Australian construction industry; challenges and solutions.
Buildings 2023, 13, 490. [CrossRef]

Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77-101. [CrossRef]

Beekhuyzen, J. Putting the pieces of the puzzle together: Using NVivo for a literature review. In Proceedings of the QuallT2007:
Qualitative Research, From the Margins to the Mainstream, Wellington, New Zealand, 18-20 November 2007.

King, S.; Boyer, ].; Bell, T.; Estapa, A. An Automated Virtual Reality Training System for Teacher-Student Interaction: A
Randomized Controlled Trial. JMIR Serious Games 2022, 10, e41097. [CrossRef]

Le, Q.T,; Pedro, A.; Park, C.S. A Social Virtual Reality Based Construction Safety Education System for Experiential Learning. J.
Intell. Robot. Syst. 2015, 79, 487-506. [CrossRef]

Lotfi, Y.A.; Aly, T.E; Sadek, R. Virtual Reality as A Tool to Enhance Students’ Perceptions of Architectural Historical Spaces. Eng.
J. 2023, 2, 596-607. [CrossRef]

Pham, H.C.; Dao, N.; Pedro, A.; Le, Q.T.; Hussain, R.; Cho, S.; Park, C.S.L.K. Virtual Field trip for Mobile Construction Safety
Education Using 360-degree Panoramic Virtual Reality. Int. . Eng. Educ. 2018, 34, 1174-1191.

Ceylan, S. Using Virtual Reality to Improve Visual Recognition Skills of First Year Architecture Students: A Comparative Study.
In Proceedings of the 12th International Conference on Computer Supported Education (CSEDU), Prague, Czech Republic,
2—4 May 2020; Volume 2, pp. 54-63.

Hendricks, D. Applications of Augmented Reality as a Blended Learning Tool for Architectural Education. Scholarsh. Teach. Learn.
South 2022, 6, 79-94. [CrossRef]

Wolf, M.; Teizer, J.; Wolf, B.; Biikrtii, S.; Solberg, A. Investigating Hazard Recognition in Augmented Virtuality for Personalized
Feedback in Construction Safety Education and Training. Adv. Eng. Inform. 2022, 51, 101469. [CrossRef]

Mastrolembo Ventura, S.; Castronovo, F.; Nikoli¢, D.; Ciribini, A. Implementation of Virtual Reality in Construction Education: A
Content-Analysis Based Literature Review. J. Inf. Technol. Constr. 2022, 27, 705-731. [CrossRef]

Kuncoro, T.; Ichwanto, M.A.; Muhammad, D.F. VR-Based Learning Media of Earthquake-resistant Construction for Civil
Engineering Students. Sustainability 2023, 15, 4282. [CrossRef]

Mahat, N.; Azman, M. A ; Bohari, A.A.M.; Rashid, A.F.A.; Khamaksorn, A.; Abd, M.I. BC-DIGIT: A Digital Game Application for
Learning Building Construction Technology Course among Undergraduate Students. Development 2022, 11, 467—473. [CrossRef]
[PubMed]

Lucas, J.D. Identifying learning objectives by seeking a balance between student and industry expectations for technology
exposure in construction education. J. Prof. Issues Eng. Educ. Pract. 2017, 143, 05016013. [CrossRef]

Xu, L.; Zhang, J.; Ding, Y.; Sun, G.; Zhang, W.; Philbin, S.P.; Guo, B.H. Assessing the Impact of Digital Education and the Role of
the Big Data Analytics Course to Enhance the Skills and Employability of Engineering Students. Front. Psychol. 2022, 13, 974574.
[CrossRef]

Pugacheva, N.; Kirillova, T.; Kirillova, O.; Luchinina, A.; Korolyuk, I.; Lunev, A. Digital Paradigm in Educational Management:
The Case of Construction Education Based on Emerging Technologies. Int. |. Emerg. Technol. Learn. 2020, 15, 96-115. [CrossRef]
Landorf, C.; Ward, S. The Learning Impact of a 4-dimensional Digital Construction Learning Environment. Int. |. Educ. Pedagog.
Sci. 2017, 11, 1266-1271.

Pedro, A.; Le, Q.T.; Park, C.S. Framework for integrating safety into construction methods education through interactive virtual
reality. J. Prof. Issues Eng. Educ. Pract. 2016, 142, 04015011. [CrossRef]

Tan, Y;; Xu, W,; Li, S.; Chen, K. Augmented and Virtual Reality (AR/VR) for Education and Training in the AEC Industry: A
Systematic Review of Research and Applications. Buildings 2022, 12, 1529. [CrossRef]

Fauzi, A FA.A,; Ali, KN.; Amirudin, R. Evaluating Students Readiness, Expectancy, Acceptance and Effectiveness of Augmented
Reality Based Construction Technology Education. Int. J. Built Environ. Sustain. 2019, 6, 7-13. [CrossRef]

Kassem, M.; Benomran, L.; Teizer, ]. Virtual Environments for Safety Learning in Construction and Engineering: Seeking Evidence
and Identifying Gaps for Future Research. Vis. Eng. 2017, 5, 16. [CrossRef]

Park, C.S.; Le, Q.T; Pedro, A.; Lim, C.R. Interactive Building Anatomy Modeling for Experiential Building Construction Education.
J. Prof. Issues Eng. Educ. Pract. 2016, 142, 04015019. [CrossRef]

Lasheen, R.; Khodeir, L.; Nessim, A. Identifying the Gap Between Practical and Educational Fields in the Egyptian AEC Industry
in the Age of Digitalization. Eng. Res. J. 2022, 176, 281-303. [CrossRef]

Mohamed, N.A.G.; Sadek, M.R. Artificial Intelligence as a Pedagogical Tool for Architectural Education: What Does the Empirical
Evidence Tell Us? MSA Eng. |. 2023, 2, 133-148.

Shanbari, H.A.; Blinn, N.M.; Issa, R.R. Laser Scanning Technology and BIM in Construction Management Education. J. Inf. Technol.
Constr. 2016, 21, 204-217.


https://doi.org/10.1016/j.ijproman.2018.03.004
https://doi.org/10.1016/j.ijproman.2016.02.008
https://doi.org/10.1057/s41275-016-0041-7
https://doi.org/10.3390/buildings13020490
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.2196/41097
https://doi.org/10.1007/s10846-014-0112-z
https://doi.org/10.21608/msaeng.2023.291904
https://doi.org/10.36615/sotls.v6i1.247
https://doi.org/10.1016/j.aei.2021.101469
https://doi.org/10.36680/j.itcon.2022.035
https://doi.org/10.3390/su15054282
https://doi.org/10.6007/IJARPED/v11-i2/13053
https://www.ncbi.nlm.nih.gov/pubmed/38844488
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000318
https://doi.org/10.3389/fpsyg.2022.974574
https://doi.org/10.3991/ijet.v15i13.14663
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000261
https://doi.org/10.3390/buildings12101529
https://doi.org/10.11113/ijbes.v6.n1.309
https://doi.org/10.1186/s40327-017-0054-1
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000268
https://doi.org/10.21608/erj.2022.285518

Buildings 2024, 14, 2769 21 of 21

110.
111.

112.

113.

114.

115.

116.

117.

Urban, H.; Pelikan, G.; Schranz, C. Augmented Reality in AEC Education: A Case Study. Buildings 2022, 12, 391. [CrossRef]
Jacobsson, M.; Linderoth, H.C. Newly Graduated Students” Role as Ambassadors for Digitalisation in Construction Firms. Constr.
Manag. Econ. 2021, 39, 759-772. [CrossRef]

Kandi, V.R,; Castronovo, F,; Brittle, P.; Mastrolembo Ventura, S.; Nikolic, D. Assessing the Impact of a Construction Virtual Reality
Game on Design Review Skills of Construction Students. J. Archit. Eng. 2020, 26, 04020035. [CrossRef]

Vassigh, S.; Davis, D.; Behzadan, A.H.; Mostafavi, A.; Rashid, K.; Alhaffar, H.; Elias, A.; Gallardo, G. Teaching Building Sciences
in Immersive Environments: A Prototype Design, Implementation, and Assessment. Int. |. Constr. Educ. Res. 2020, 16, 180-196.
[CrossRef]

Shojaei, A.; Rokooei, S.; Mahdavian, A.; Carson, L.; Ford, G. Using immersive video technology for construction management
content delivery: Pilot study. J. Inf. Technol. Constr. 2021, 26, 886-901. [CrossRef]

Baduge, S.K,; Thilakarathna, S.; Perera, J.S.; Arashpour, M.; Sharafi, P.; Teodosio, B.; Shringi, A.; Mendis, P. Artificial intelligence
and smart vision for building and construction 4.0: Machine and deep learning methods and applications. Autom. Constr. 2022,
141, 104440. [CrossRef]

Zamora-Polo, E; Luque Sendra, A.; Aguayo-Gonzalez, F.; Sanchez-Martin, ]. Conceptual Framework for the Use of Building
Information Modeling in Engineering Education. Int. ]. Eng. Educ. 2019, 35, 744-755.

Kraus, M,; Rust, R.; Rietschel, M.; Hall, D. Improved Perception of AEC Construction Details via Immersive Teaching in Virtual
Reality. arXiv 2022, arXiv:2209.10617.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/buildings12040391
https://doi.org/10.1080/01446193.2021.1955398
https://doi.org/10.1061/(ASCE)AE.1943-5568.0000434
https://doi.org/10.1080/15578771.2018.1525445
https://doi.org/10.36680/j.itcon.2021.047
https://doi.org/10.1016/j.autcon.2022.104440

	Introduction 
	Technology in Education 
	Enhancing Teaching Methods and Learning Experience 
	Addressing Industry Demands and Real-World Applications 
	Improving Employability and Soft Skills Development 
	Research Gaps 

	Research Method 
	The Review Process 
	Database and Keywords 
	Study Selection Process with Inclusion and Exclusion Criteria 
	Data Analysis 

	Review Results 
	Descriptive Analysis 
	Thematic Analysis 
	Commonly Used Technologies in BE Education 
	Enhancing Student Engagement through Technology in BE Education 
	Improving Learning Outcomes with Technology in BE Education 
	Enhancing Employability Skills through Technology in BE Education 
	Challenges in Implementing Technologies in BE Education 


	Conclusions 
	Future Research 
	Theoretical and Practical Implications 
	References

