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Abstract: The architecture, engineering, and construction (AEC) education communities are increasingly facing challenges caused by social,
technological, economic, environmental, and political changes. Addressing these issues requires AEC educators and practitioners to systematically
rethink and reform many of their current practices. Anecdotal evidence in AEC education already exists with respect to pedagogical improvements
made by individual technologies such as immersive computing, artificial intelligence, robotics, big data, cyberinfrastructure, and photogrammetry.
However, an effective learning-centered environment is more complex than what any single technology can accomplish. In addition, the relation-
ship between technology-intensive learning and digital inequity in AEC education remains, to the most extent, unclear. We envision the next-
generation learning-centered environment for AEC education to be technology-intensive, interdisciplinary, industry-linked, and equitable. This
paper aims to present a shared vision of the next-generation learning-centered environment for AEC education. To achieve this goal, two in-
terrelated workshops were organized with the participation of different stakeholders, including researchers, educators, and professionals from
multiple disciplines of architecture, engineering, construction, computer science, learning science, education, and social sciences. This paper is
based on the combined outcomes of the two workshops, organized in four themes: (1) AEC curricula and industry practice, (2) technology and
learning, (3) interdisciplinary education, and (4) digital inequity. This paper contributes to the body of knowledge by creating a pathway to timely
reflect on new learning strategies, new technologies, and future industry and societal needs in AEC curricula, thus producing a more adaptive AEC
workforce for the 21st century. The findings of this work can be adopted by educators to develop a roadmap for creating the shared vision of the
next-generation learning-centered environment for AEC education. DOIL: 10.1061/JCEECD.EIENG-1972. This work is made available under
the terms of the Creative Commons Attribution 4.0 International license, https://creativecommons.org/licenses/by/4.0/.
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Introduction

The evolution of technology has continuously transformed science,
technology, engineering, and math (STEM) education over the last
centuries (Nawari 2010). STEM education of the future faces
challenges in bringing together an advanced understanding of how
people learn with modern technology to create more personalized
learning experiences, inspire learning, and foster creativity from an
early age (Honey et al. 2020). Therefore, the rapid social and tech-
nological changes require a new vision related to the ecosystem of
STEM education.

Meanwhile, the architecture, engineering, and construction
(AEC) industry is one of the fastest-growing industries in the
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US and many parts of the world (Alizadehsalehi et al. 2020).
The AEC industry constantly seeks innovative and sustainable
solutions to create sustainable, healthy, and inclusive built environ-
ments while battling global challenges such as climate change,
bridging social inequity gaps, and embracing technological ad-
vancements. The AEC sectors are also expected to undergo major
transformations due to advances in computer-based technologies
and new human experiences. Emerging technologies, such as smart-
phones, three-dimensional (3D) printing, mobile applications, vir-
tual reality (VR), augmented reality (AR), and drones, are just a few
game-changing examples that have impacted the industry (Shull
2018). At the dawn of the fourth industrial revolution (also called
41IR or Industry 4.0), when technology is about to disrupt many of
the traditional AEC practices and higher education, the research and
education communities need to answer one critical question: what
will the next-generation learning environment look like for AEC
education and what role or roles will emerging technologies play
in shaping that environment?

Anecdotal evidence in AEC education shows that technology
plays a significant role in pedagogical improvements such as build-
ing information modeling (BIM) (Wang et al. 2020), immersive
computing (Vassigh et al. 2018), and 3D scanning or photogram-
metry (Issa 2018). Moreover, emerging technologies such as digital
twins, artificial intelligence, cyberphysical systems, and big data
analytics offer sophisticated tools to create better teaching and learn-
ing experience for students that utilize smart classrooms (Bdiwi
et al. 2019), smart learning environments (Kinshuk et al. 2016),
and smart personalized tutors (Winkler et al. 2019). However, the
implication of these and other technologies in the future of AEC
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education still remains largely unknown to the AEC research and
education communities.

In particular, the impact of emerging technologies on the AEC
curricula, the learning environment, and digital equity, as well as
the potential of the technologies for creating new opportunities to
improve AEC education, is still underexplored. A systematic inves-
tigation into the relationship among humans, learning, and tech-
nology in varied social contexts is still in the exploratory stages
with respect to AEC education, especially in the aftermath of the
COVID-19 pandemic, which has had a tremendous impact on the
status quo. To prepare a future-ready AEC workforce, the AEC
community must address these grand challenges effectively.

Goal, Scope, and Themes

Goal

The goal of this study is to create a shared vision of the next-
generation technology-enabled learning-centered environment for
AEC education, including its characteristics, grand challenges,
and opportunities, and offer a roadmap for research and implemen-
tation. To achieve this goal, two interrelated workshops were organ-
ized with the participation of different stakeholders, including
researchers, educators, and practitioners from multiple disciplines
of architecture, engineering, construction, computer science, learn-
ing science, education, and social sciences. The first workshop was
an extensive and intensive brainstorming session focusing on grand
challenges and opportunities. The second workshop was an innova-
tion lab focusing on developing solutions to address and materialize
the shared vision developed in the first workshop. Both workshops
were organized in collaboration with the ASCE and the American
Society for Engineering Education (ASEE).

This article is based on the combined outcomes of the two work-
shops. The results of the workshops contribute to the body of
knowledge by identifying a vision and a pathway to timely address
new learning strategies, new technologies, and future industry and
societal needs in AEC curricula, thus producing a more adaptive
AEC workforce.

Scope

The central focus of this study is on the relationship and interplay
between stakeholders in AEC education, technology, and lifelong
learning, three key elements constituting a technology-enabled
learning-centered environment. Fig. 1 shows a schematic view of
the workshop scope.

These elements are now described in detail:

* Human stakeholders refer to different types of organizations and
individuals in the learning-centered environment, capturing who
is involved in the environment. In the context of AEC education,
they are academic institutions, accreditation organizations,
the AEC industry, technology industries, professional societies,
undergraduate AEC students, other students (graduate students
and students in professional development programs), and fac-
ulty. Among them, the main focus is given to undergraduate
AEC students and their teachers to support the mission of the
National Science Foundation (NSF) Improving Undergraduate
STEM Education (IUSE) program. Considering the need to ad-
dress lifelong learning, other types of students are also consid-
ered. Other stakeholders, such as industries and professional
societies, play a role in this learning-centered environment,
addressing undergraduate students’ learning. Therefore, other
students and stakeholders are included in the study wherever
necessary.
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Fig. 1. Scope and themes of the workshops.

* Lifelong learning is defined as “the ongoing, voluntary, and self-
motivated pursuit of knowledge for either personal or profes-
sional reasons” (Department of Education and Science 2000).
It refers to the process of students acquiring knowledge and
skills, in particular transferable knowledge and skills, such as
problem-solving and critical thinking, in postsecondary AEC ed-
ucation. Although the main focus of this study is on the learning
of undergraduate AEC students, lifelong learning means the
knowledge and skills they acquire can effectively support their
training and learning needs in their professional and personal
lives after graduation.

Technology refers to information and computer technologies
(ICTs) broadly. It can be a learning subject or an enabling factor
of the learning environment. This part only includes technology
as an enabling factor. If technology is considered a learning sub-
ject, it is included in lifelong learning.

Topical Themes

To address the goal and scope, four major topical themes related to
emerging technologies have been defined to structure the work-
shops as follows:

* AEC Curricula and Industry Practice: There is a need to create a
transformative, not disruptive, process to reform AEC education
to satisfy industry needs and prepare students for future chal-
lenges. The process should transform the current AEC education
toward the envisioned learning-centered environment but does
not disrupt the current practices. This requires a reimagined
model of academia and industry collaboration in the new context,
including organizational improvements, pedagogical improve-
ments, and knowledge transfer. Thus, it is important to answer
questions that are critical to shaping the future of AEC education,
e.g., what are the gaps between AEC curricula and industry
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practice, and what is the role of emerging technologies in creat-

ing and/or closing these gaps?
* AEC Interdisciplinary Education: Interdisciplinary education
still faces curricular restrictions, logistic issues, organizational
fragmentation, and varying student backgrounds. Although
universities and programs try to accommodate new ideas and
developments in their courses and curricula, they often face chal-
lenges such as fragmented curricula, lack of expertise, and lack
of standards. In addition, each discipline has its program require-
ments dictated by the corresponding accreditation agency, which
reduces the likelihood of developing new courses where students
from all three majors can converge and benefit. Therefore, it is
important to explore the opportunities offered by emerging
technologies, such as new pedagogical strategies, to deliver
interdisciplinary learning contents that is conducive to multiple
disciplines.
Technology and Learning: Emerging digital technologies such
as digital twins (DTs), artificial intelligence (Al), cyberphysical
systems (CPS), and big data are transforming AEC industry
practices. In the meantime, such technologies also affect both
the contents and the delivery methods of the next-generation
technology-enabled learning-centered environment. One impact
on AEC education is the adoption of online learning, which has
been accelerated by the COVID-19 pandemic (Lee et al. 2022).
Fundamental questions need to be explored related to how
emerging technologies, coupled with advancements in cognitive
and education sciences, form disruptive forces to improve the
learning environment.
Digital Inequity: Students and faculty possess different levels of
digital literacy, and students’ social, economic, and disability
statuses interact with their digital literacy and digital inequity.
Deficiencies in digital literacy are a hindrance to students’ suc-
cess. In addition, skills such as digital adaptability are a rela-
tively new concept in AEC education. It is urgent that AEC
programs foster such transferable skills of students in learning
digital technologies to achieve equitable learning outcomes and
develop a holistic view of digital inclusion (including physical
access to digital technologies and the entire teaching and learn-
ing ecosystem). Thus, it is important to understand the extent
and influence of digital inequity while creating technology-
intensive learning environments and to address the challenges
by developing new pedagogical strategies.

Literature Review

One of the powerful tools for brainstorming about a subject is
conducting workshops where multimodal perspectives can inter-
act with each other to generate new knowledge (Woodson et al.
2019; Ozkaynak et al. 2021; Parija and Adkoli 2020). In this re-
gard, White et al. (2022) investigated brainstorming workshops to
identify effective tools and best practices for practitioners to drive
their design thinking in a remote or hybrid environment. Felder
(2002) provided workshop training techniques and strategies that
could be applied in brainstorming sessions, focusing on 15 work-
shop techniques.

Although the literature in this area indicates that many partici-
pants in brainstorming workshops only engage when they need
to solve a problem, Billington et al. (2009) highlighted that there
were others who desired new learning and “browsers” who were
interested in gathering information. In addition, Nielsen (2012)
highlighted that to enhance the effectiveness of brainstorming inter-
action in workshops, not only do group discussions need to be cre-
ated, but also group members must be encouraged to cooperate with
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each other. In such an environment, participants are assisted in
revealing their thoughts and engaging in a social process of clarify-
ing, developing, and refining ideas, which will increase the effec-
tiveness of the workshop.

Nevertheless, a successful brainstorming workshop should
make the participants active learners, allowing them to be engaged
instead of passive participants (Burger 2007). Therefore, facilita-
tion of brainstorming, consisting of a high degree of forcing each
group member to participate actively and contribute to the specific
activity type, plays an essential role in effective brainstorming
workshops. In this regard, process facilitation is essential in a
brainstorming workshop, which can be defined as leadership em-
phasizing participation distribution and a subtle way of steering
participants in a particular direction (Nielsen 2012).

In another study, Lev (2003) introduced structured networking
activities, also known as “speed dating,” a successful technique to
enliven and improve brainstorming workshops. In the traditional
format, one person speaks, and the others have to listen. After that,
they will be ready for conversations during breaks. Speed dating
takes these conversations further by concentrating on a specific
topic of interest and recognizing that individuals fill different roles
in many conversations. Thus, pairing participants with a purpose
can achieve excellent learning and networking results. In addition,
Kronsbein and Mueller (2019) investigated design thinking through
workshops by following an action design research (ADR) approach
and suggesting a practical change in the workshop format by con-
ducting user interviews as homework before the workshop day.

To design a successful brainstorming workshop, the use of digital
tools is recommended (Burger 2007). In this regard, brainstorming
workshops must be compatible with and/or dependent upon digital
tools that could be used in a group setting. In another study,
Shaw (2006) investigated whether technology-supported “journey-
making” workshops can effectively capture quality research data us-
ing problem-structuring methods (PSMs)—methods for supporting
structured thinking about complex problems. Using PSM to collect
participants’ opinions instead of traditional tools (e.g., interviews)
can address the issues of the client having access to the right stake-
holders and enabling data collection using computer technologies.
Although PSM applications might differ based on different work-
shop goals and conditions, in a journey-making workshop, partic-
ipants need to discuss and even fight to indicate their opinion in
brainstorming discussions.

In addition, Samiei et al. (2020) investigated the performance of
virtual workshops by discussing the advantages, disadvantages,
and some of the potential of the broadcast platforms (e.g., Zoom,
SlidesLive, and Facebook Live) to be used in virtual workshops.
They highlighted that virtual workshops could reduce costs signifi-
cantly and improve engagement and participation worldwide due to
the lack of need to travel.

Methodology

In order to create a shared vision of the next-generation technology-
enabled learning-centered environment for AEC education, we
used the brainstorming workshop technique (Woodson et al. 2019;
Ozkaynak et al. 2021; Parija and Adkoli 2020). The brainstorming
workshop is used, first, to identify the needs, challenges, and solu-
tions for creating such a shared vision, and then to build consensus
regarding the identified needs, challenges, and solutions to create a
roadmap to achieve the shared vision. To allow enough analysis
time after identifying the needs, challenges, and solutions to be
used for building consensus, two separate workshops were used,
Workshop 1 and Workshop 2. As shown in Fig. 2, Workshop 1 was
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Fig. 2. Major steps of the project.

followed by a survey questionnaire, the responses to which influ-
enced the design of Workshop 2.

In Workshop 1, we organized presentations and an industry
panel, and conducted brainstorming facilitation in the format of
parallel breakout discussion sessions. The objective was to identify
the needs of the AEC education community, the challenges facing
the community, and the proposed solutions. The breakout sessions
were audio recorded. The recording was transcribed and manually
reviewed by the organizing committee members. During the re-
view, the focus was given to identifying the needs, challenges,
and solutions as outcomes of Workshop 1. Workshop 1 was entirely
virtual over Zoom, allowing participation from different locations
and recording of all the information presented. It was performed
over 3 consecutive days (a total of 15 h, including the breaks).

According to the design thinking approach, these outcomes were
structured into a survey questionnaire distributed to Workshop 2
participants before the event. The goal of this survey was not only
to introduce the Workshop 2 participants to the identified challenges
and solutions to ensure knowledge transfer, but also to use the re-
sults of the survey questionnaire to develop the content and organize
Workshop 2 in a more effective way.

Workshop 2 involved a consensus-building process to create a
shared vision and a roadmap for creating a next-generation AEC
education learning-centered environment. Applying the Six Sigma
SIPOC (suppliers, inputs, process, outputs, customers) approach
(Yeung 2009; Eryarsoy et al. 2022), a trained facilitator facilitated
the process to ensure the active engagement of all participants and
to reach a common goal at the end of the process. In addition, several
digital tools were integrated into the workshops to ensure achieving
consensus during the workshop. In Workshop 2, several digital tools
were used to capture the generated data and share it with the partic-
ipants after the workshop. Workshop 2 was conducted in person over

learning-centered environment with a focus on the role of emerging
technologies.

Workshop 2 was built upon the outcome of Workshop 1 and
was held on June 24-25, 2022, in Minneapolis, on the sidelines
of the annual ASEE conference. In addition to a keynote speech,
group discussions and consensus-building sessions were the main
activities of the workshop. The goal of Workshop 2 was to use the
generated knowledge in Workshop 1 (e.g., challenges and actions)
to create a roadmap toward creating a next-generation AEC edu-
cation learning-centered environment with a focus on the human-
technology frontier in AEC education.

Workshop 1 had 37 participants (17 of whom presented in
several sessions while participating in breakout sessions). The par-
ticipants’ fields of expertise included 14% architecture, 38% engi-
neering (civil, mechanical, and so on), 30% construction, and 19%
education (education science, engineering education, and so on).
Workshop 2 had 30 participants (of which eight were from
Workshop 1), with fields of expertise of 23% architecture, 31%
engineering, 19% construction, and 27% education. The demo-
graphic information of the participants in both workshops is pro-
vided in Tables 1 and 2.

Table 1. Demographic information of participants

Categories Workshop 1 Workshop 2 Total

Total number of participants 37 30 63

Field of expertise
Architecture 5 (13.5%) 6 (20.0%) 10 (15.9%)
Engineering 14 (37.8%) 8 (26.7%) 21 (33.3%)
Construction 11 (29.7%) 9 (30.0%) 20 (31.7%)
Education 7 (18.8%) 7 (23.3%) 12 (19.1%)

Type of institution

Academic (R1) 27 (73.0%) 26 (86.7%) 49 (77.8%)

1.5 days (a total of 17 h, including the breaks). Academic (non-R1) 6 (16.2%) 4 (13.3%) 10 (15.9%)
Industry 4 (108%) 0(0.0%) 4 (63%)
Affiliation
. Instructor/Designer 1 (2.7%) 2 (6.6%) 3 (4.8%)
Workshop Information Assistant Profegssor 12 (324%) 13 (433%) 25 (39.7%)
. . . Clinical Assistant Professor 1 (2.7%) 1 (3.3%) 2 (3.2%)
Workshop 1 was an online event (to mitigate the risks of the Associate Professor 7 (18.9%) 6 (20.0%) 12 (19.0%)
COVID-19 pandemic) that took place on November 15-17, 2021. Professor 10 (27.0%) 7 (233%) 15 (23.8%)
Workshop 1 had several elements, including a keynote speech, top- Industry practice 4 (10.8%) 0 (0.0%) 4 (6.3%)
ical presentations on each theme, an industry discussion panel (with Other 2 (5.4%) 1 3.3%) 2 (3.2%)
industry professionals from AEC industries and a professional Gender
construction organization), and several breakout sessions to facilitate Female 21 (56.8%) 12 (40.0%) 29 (56.0%)
discussion and brainstorming. The goal of Workshop 1 was to create ‘Mal.c L 16 (43.2%) 18 (60.0%) 34 (54.0%)
. . . . Minority serving institution 2 2 3
a list of challenges and actions toward creating the next-generation
© ASCE 05024002-4 J. Civ. Eng. Educ.
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Table 2. Demographic information of participants of the survey

Area of expertise No. of participants

Architecture 3
Engineering 11
Construction 5
Education 2
Total 21

In addition, a survey was administered to Workshop 2 partici-
pants. The survey questions are related to the needs of the stake-
holders, challenges facing the AEC education community, and
solutions identified in Workshop 1. Likert scales of 1 (strongly dis-
agree), 2 (disagree), 3 (neutral), 4 (agree), and 5 (strongly agree)
were applied to elicit participants’ degree of agreement with the
identified needs, challenges, and solutions. The purpose of the sur-
vey is to prepare the participants for Workshop 2 and help organ-
izers design workshop activities. A total of 21 participants partook
in the survey.

Workshop Findings

In the following, we first present the results of an analysis of the
transcribed text of Workshop 1 materials. Then, participants’ views
on the current status, challenges, and actions concerning the four
themes are presented.

Text Mining Analysis

Due to the online format of Workshop 1, we were able to record and
transcribe all the presentations and breakout sessions on each theme.
Using the generated transcripts, we applied text mining to investi-
gate keywords used in the workshop under different themes. This
analysis provided an informative overview of the topics discussed
on each theme. First, a list of the most frequent keywords used in the
workshop was collected. The words “learner(s),” “tool(s),” “envi-
ronment,” “perspective,” “design(ing),” and “class(room)” were the
most repeated keywords during Workshop 1, with a repetition of
more than 300 times. Fig. 3 presents a word cloud highlighting
the most repeated phrases based on frequency. This word cloud

learning experience
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Fig. 3. (Color) Word cloud of the most repeated phrases in Workshop 1.
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provides a simple visual insight that can lead to more in-depth analy-
ses of the phrases used during Workshop 1.

After identifying the most frequent phrases used in each theme
(i.e., AEC curricula and industry practice, technology and learning,
interdisciplinary education, and digital inequity), we performed
a multidimensional scaling (MDS) analysis to generate a two-
dimensional point map of distances between the identified most
frequent phrases. Each point represents a phrase in this point map,
and the distance between points represents how often these phrases
are used under the same theme. Using this point map, we discovered
the relationship of each phrase to the other phrases. Next, the fre-
quency of each phrase was integrated into the point map to generate
a three-dimensional rating map of the identified phrases.

The result of the MDS analysis and the three-dimensional point
map is shown in Fig. 4. As it is stated, the distance between phrases
shows their similarity of use in each theme (for example, the words
on the right-hand side are used mostly in the digital inequity theme,
which is why they are closer together and far from the others) In
addition, the size of the circles represents the frequency of use of
each word in Workshop 1. Moreover, this map is color-coded; for
example, the light red circles are mostly used in the interdiscipli-
nary education theme. The mixed colors show the utilization of that
phrase in different themes.

As shown in Fig. 4, EC Curricula & Industry Practice (light red
cluster), Technology & Learning (light green cluster), and Interdis-
ciplinary Education (light purple cluster) are located on the left-
hand side of the map, whereas Digital Inequity (light blue cluster)
is located on the right-hand side. It indicated that there are more
interrelationships between the concepts covered in the three themes
of AEC Curricula & Industry Practice, Technology & Learning,
and Interdisciplinary Education compared with Digital Inequity.
Particularly, the Digital Inequity theme, with keywords such as in-
formation literacy, digital adaptability, digital equity, affordability,
disability, and universal design, is further away from the center
of the map (toward the right-hand side), and the shared phrase
“learning” connects these terms to the left-hand side of the map.
Considering the two keywords of “learning” and “students” as the
most repeated terms in all four themes as the core concept of the
map, digital inequity is an essential element in students’ learning in
the next-generation technology-enabled learning-centered environ-
ment in the AEC education.

On the other hand, the Technology & Learning theme, with key-
words such as online learning, performance, mental workload, and
work engagement, is mostly toward the left bottom side of the map,
whereas the Interdisciplinary education theme with keywords such
as collaboration, data, and disciplines is mostly toward the left top
side of the map. These two themes are connected through the AEC
Curricula & Industry Practice theme, with keywords such as real
word, BIM, knowledge, and idea (mostly located on the left-center
side of the map), illustrating how the AEC industry practice
and designed curricula based on that can link the interdisciplinary
education to technology in the education in the next-generation
learning-centered environment in the AEC education. Finally, these
three themes are linked to the right-hand side of the map using the
shared phrase ‘“students,” surrounded by ‘“classroom,” “system,”
“future,” “stakeholders,” and “lifelong learning.”

Overall, this map can help educators understand the essential
concepts and the interrelations between the themes for the next-
generation technology-enabled learning-centered environment in
AEC education. It also helps to explain the interrelationships be-
tween the designed workshop themes to better delineate the future
needs and requirements in creating the shared vision of such a
learning-centered environment.
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AEC Curricula and Industry Practice

The human-technology frontier in AEC workplaces is changing in
many fundamental aspects, particularly due to the unprecedented
COVID-19 pandemic. In order to shape the future of AEC educa-
tion, we aimed to identify the gaps between AEC curricula and
industry practice while highlighting the role of emerging technol-
ogies in creating and/or closing these gaps.

Current Status

The words fragmented and disintegrated can best describe the AEC
curricula and their relationship with the industry. First, the existing
setup of AEC curricula, a legacy of Industrial Revolution 2.0 to
a large extent, places their focus on specialization and does not
encourage collaboration among architecture, engineering, and con-
struction disciplines. Secondly, major gaps between AEC curricula
and industry practice clearly exist. Problems, in reality, are com-
plex; however, such problems are often tamed when presented
to students. For example, the course assignments in engineering
education often do not resemble the real-world problems facing
industries.

Thirdly, although many AEC schools and departments benefit
from sustained communication and dialogues with industry partners
such as their industry advisory boards, trends and changes in the
AEC industries are not timely reflected in AEC curricula. Finally,
the current accreditation of AEC programs has a strong disciplinary
focus. The role of accreditation in shaping future AEC curricula
is not fully explored concerning AEC curriculum integration,
industry-academia collaboration, disciplinary and cross-disciplinary

© ASCE

05024002-6

communication skills, and fundamental skills and knowledge to deal
with ever-changing technological progress.

Challenges and Actions
One of the main challenges in shaping the future of AEC education
will be to bridge gaps between AEC curricula and industry prac-
tices. To address this challenge, participants of the two workshops
proposed a hierarchy of actions. In addition, we generated a map
of the proposed actions addressing the identified challenges. The
list of proposed actions based on their importance in implementa-
tion and their connection to the identified challenges is shown in
Fig. 5. Actions on the top of the triangle have higher importance
according to the ratings.

Based on the findings, the most important actions were identi-
fied as follows:

 Improve cross-training and foster skill sets needed to understand
scientific methods, human behavior, material science, and ecol-
ogy, in addition to computational thinking, communication
skills, business savviness, and digital literacy.

e Identify connecting concepts between disciplines to support
deep integration of disciplinary knowledge and include those
concepts in teaching.

e Identify specific gaps in the industry to realize IR4.0 or the
implication of IR4.0 to the AEC industry and decide the
role of AEC education. Address questions on how AEC edu-
cation communities can bridge the gaps and refocus AEC ed-
ucation on transferable skills, enabling toolsets, and a growth
mindset.
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Action 1: Improve cross-training and foster skill
sets.

Action 2: Identify connecting concepts between
disciplines.

Need for organizational improvements: A new model to
sustain effective collaboration between academic programs
and industry partners for timely communication of industry
needs in multiple forms while considering constraints facing
academic programs, recognizing differences in academic and
industry goals, and reducing the mismatch between what the
industry needs and what is taught in AEC programs.

I

00

Action 3: Identify specific gaps in the industry to
realize IR4.0.

H

Action 4: Engage tech industries in AEC
education.

Need for pedagogical improvements: AEC curricula
incorporating the education of emerging technologies that are
in use in the industry, including but not limited to digital
twinning, big data, and Al, and to inspire teachers to teach
and students to learn problems in real-world contexts, which

H

Action 5: Sustain timely communication between

are often complex. @ g g

academia and industry focusing on societal needs.

ﬁ

Action 6: Share lessons and experiences

regarding scaling up the successful model.

Need for knowledge sharing and competency transfer: A
new model that can help realize IR 4.0 in the AEC industry
and translate vanguard research on nascent technologies in
academia such as digital fabrication, automation, Al &
robotics, and sensing into industry practice.

\/

Fig. 5. Map of actions and challenges

0060

in AEC curricula and industry practice.

In addition, based on the number of actions linked to each chal-
lenge, it can be concluded that pedagogical improvements and
knowledge and competency transfer challenges are mostly ad-
dressed by the proposed actions. Action 6 was identified, but par-
ticipants did not map it to any challenges.

Interdisciplinary Education

Multidisciplinary teamwork and communication are essential skills
for AEC students. We aimed to explore the opportunities offered
by emerging technologies, such as new pedagogical strategies to
deliver interdisciplinary learning content that is conducive to multi-
ple disciplines.

Current Status

Interdisciplinary education for AEC students has long been rec-
ognized as a necessity. Workshop participants cited examples from
many AEC programs (Zolin et al. 2000; Abdirad and Dossick
2016; Hu 2019) that have practiced multi/interdisciplinary courses
with various delivery formats. Nevertheless, today’s siloed AEC
education curriculum hampers the true interdisciplinary programs
focusing on disciplinary collaboration rather than cooperation.
In addition, AEC programs mainly focus on in-depth knowledge
development in their own discipline, with a secondary focus
on balancing the need for interdisciplinary and disciplinary
education.

Challenges and Actions

One of the main challenges in shaping the future of AEC education
will be to bridge gaps within AEC curricula through synergy at
the knowledge and organization levels among AEC disciplines,
including foundational and transferable knowledge/skills related
to learning new technologies and working across disciplinary
lines. To address these challenges, a hierarchy of actions was pro-
posed by participants of the two workshops. In addition, we gen-
erated a map of the proposed actions addressing the identified
challenges. The list of proposed actions based on their importance
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of implementation and their connection to the identified challenges
is shown in Fig. 6. Actions on the top of the triangle have higher
importance according to the ratings.

The results illustrate that the most important actions are as
follows:

 Foster an interdisciplinary collaboration mindset.

* Investigate the role of emerging technologies in creating a better
interdisciplinary learning environment, such as a cloud-based
intelligent immersive platform (responsive environment, dy-
namic feedback, and experiential learning) and adaptive learn-
ing systems operated by Al algorithms for developing a learner
profile (individual scaffolding and learning path for students of
different disciplines).

* Explore a new model to balance between depth and breadth for
curriculum design (professor’s mindset, depth versus breadth,
problem-solving skills, multidisciplinary lifelong learning skills,
coding/programming, data/statistical capabilities, and cognitive
skills). Determine if a curriculum can be effectively designed
and implemented as a reversed T with extension to other disci-
plines (breadth).

It is apparent that most of those actions can be mapped to the
fragmented curricula challenge; however, the lack of expertise and
the lack of standards are also very important to be addressed.

Technology and Learning

Technology-mediated environments, including technology-
generated artifacts like 3D design models or construction site im-
ages, affect learning. We aimed to explore the role of emerging
technologies, coupled with advancements in cognitive and educa-
tion sciences, to form disruptive forces to improve the learning
environment.

Current Status

There are two distinctive topics under this theme. The first in-
volves skills and knowledge related to technologies that the AEC
industry applies, and the second is related to technologies that
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Action 1: Foster an interdisciplinary
collaboration mindset.

Action 2: Investigate the role of
emerging technologies in creating a better
interdisciplinary learning environment.

Action 3: Explore a new model to
balance between depth and breadth for
curriculum design.

I

Action 4: Explore the method of using a
common theme such as robotics in AEC.

H

Action 5: Identify skills that AEC
education must teach students to work
across disciplinary lines.

H

Action 6: Explore informal education,
such as the solar decathlon competition.

Action 7: Promote inquiry-based
processes to co-create knowledge and the
awareness of team dynamics, coaching,
coordinating, and directing.

\/

Fragmented curricula: Interdisciplinary education still
faces curricular restrictions, logistic issues, organizational
fragmentation, and varying student backgrounds. Each
discipline has its program requirement dictated by the
corresponding accreditation agency, which makes the
likelihood very small to develop new courses where
students from all three AEC disciplines can converge and
benefit. Teaching the same subject to students from
different backgrounds and interests presents the biggest
problem.

collaboration.
A1TA21A31A41AST A6] A7

Lack of expertise: Deeper integration of AEC disciplines
requires students to appreciate that data and information
requirements, expertise, approaches to problems, and
mindsets are different across disciplines. Recognizing such
differences helps students understand how each discipline
contributes to a common goal, while lacking such
appreciation often creates barriers to understanding shared
problems. In addition, the different mindsets and the
approach to problems contribute to the difficulty in

Lack of standards: The integration of AEC disciplines
requires a standard procedure, which has not been fully
explored. Such a standard should not only identifying the
domains of opportunity areas of AEC education, but also
identifying other disciplines to be integrated into AEC
education (e.g., mechanical engineering, computer science,

- SCience, etc.). @M

Fig. 6. Map of actions and challenges in interdisciplinary education.

support teaching and learning. The impact of emerging technologi-
cal advancements on the AEC industry is profound. For example,
a recent article in Forbes (Rutkowski 2021) noted that, in the
foreseeable future, the industry would embrace new concepts,
practices, and technologies such as DT, Al, sustainability, resil-
ient systems, big data, and the changing nature of engineering
(i.e., how engineers perform their tasks changes over time). In
addition, the 2021 Educause Horizon Report named Al, hybrid
learning, learning analytics, microcredentialing, open educational
resources, and quality online learning as key technologies that will
significantly impact future teaching and learning (Pelletier et al.
2022). Such technological progress will transform AEC education
in terms of both the contents and the methods of delivering those
contents.

Challenges and Actions
The main challenge in shaping the future of AEC education will
be to transform AEC education with emerging digital technologies
by means of integrating digital technologies into AEC education,
affecting both the contents and the delivery methods of the next-
generation learning-centered environment. However, emerging digital
technologies can create new challenges, including transforming AEC
technological practices, lack of protocols and standards, and tech-
nology adoption. These challenges, along with a list of proposed
actions and their connection to the identified challenges, are shown
in Fig. 7. The actions on the top of the triangle have higher impor-
tance according to the ratings.
Our findings highlight the most important actions as follows:
e Consider the limitation of faculty knowledge, create pathways
for faculty professional development, and provide effective in-
centives and rewards for faculty to incorporate new technologies
into teaching or the curriculum.
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* Have a better understanding of the role of emerging technolo-
gies such as Al and DT and their potential in AEC education,
including resolving conflicts among design, engineering, and
construction and simulating in-person integrations. In the mean-
time, explore their implications on educational practices, such as
data privacy and security.

* Explore a new T-shaped education model across AEC disci-
plines and determine potential overlaps or connectivity among
disciplines.

Most of those actions are mapped to the transforming AEC tech-
nological practices challenge. The lack of protocol and standards in
technology adoption is also addressed by most actions. Action 6
was identified, but participants did not map it to any challenges.

Digital Inequity

The AEC education communities have widely embraced the use
of computer technologies in both in-person and online learning.
Thus, we aimed to investigate the extent and influence of digital
inequity while creating technology-intensive learning environ-
ments and address grand challenges by developing new pedagogi-
cal strategies.

Current Status

According to the National Digital Inclusion Alliance (NDIA 2022),
digital equity is “a condition in which all individuals and commun-
ities have the information technology capacity needed for full par-
ticipation in our society, democracy, and economy.” To date, the
digital divide, educational inequality, and digital inequity remain
significant societal problems in the US and around the world.
Unfortunately, because the digital divide cannot be closed com-
pletely, it also affects social inequity. Identified factors contributing
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Action 1: Create pathways for faculty
professional development and provide
effective incentives.

Action 2: Improve understanding of the
role of emerging technologies in AEC
education.

Action 3: Explore a new T—shaped
education model across AEC disciplines.

Action 4: Improve understand the
relationship between indoor
environmental quality and learning.

Action 5: Explore the idea of embedding
digital technology education in a teaching
environment.

Action 6: Develop new solutions to other
identified challenges, such as different
learning needs.

Transforming AEC technological practices: Emerging
technologies such as DTs, Al, cyber-physical systems
(CPSs), and big data are transforming AEC industry
practices. How do we take such initiatives by the industry
and interpret them correctly for disciplinary and

interdisciplinary AEC education?mw

Lack of protocol and standards: The application of data-
driven teaching/learning technologies such as Al in AEC
education calls for new requirements in educational practice,
for example, the need for developing new protocols and
standards for handling data privacy and security.

Technology adoption: The COVID-19 pandemic has
accelerated the adoption of online learning. There is,
however, a need to develop high-quality online/hybrid AEC
education. Questions such as "what kind of in-person
experience is missing in online delivery?", "what are the
challenges and opportunities that hybrid delivery presents?"
and "do we know enough to implement a successful online
course and student learning in a virtual environment?" need
to be explored.

Fig. 7. Map of actions and challenges in technology and learning.

to digital inequality include cost, internet access, parent education,
mobile devices, lack of information and/or digital literacy, socio-
economic status, race, and ethnicity.

Current digital divide policies and discussions focus on stu-
dents’ physical access to digital technologies such as the Internet.
Nevertheless, it is clear that the digital divide and digital inequity
are defined by physical access and other technology-related factors
such as conditions of access, skills, uses, personal and social con-
sequences of internet use, as well as personal factors such as dis-
abilities and socioeconomic status. The issue of digital inequity and
its impact on AEC students are significantly underexplored in AEC
education.

Challenges and Actions
The main challenge in shaping the future of AEC education will be
to create an inclusive learning environment by recognizing that stu-
dents and faculty possess different levels of digital literacy and that
students’ social, economic, and disability statuses interact with their
digital literacy and digital inequity. Fostering students’ transferable
skills in learning digital technologies to achieve equitable learning
outcomes and developing a holistic view of digital inclusion are
urgent. To this end, the key challenges that need further investiga-
tion are technological readiness, digital adaptability, and digital in-
clusion. These challenges, the list of proposed actions, and their
connection to the identified challenges are shown in Fig. 8, Actions
on the top of the triangle have higher importance according to the
ratings.

The results illustrate that the most important actions are as
follows:

* Develop students’ transferable skills and self-learning capability
to deal with constant changes in technologies and mitigate the
potential digital divide.

e Create pedagogically sound approaches to support lifelong
learning, for example, supporting learners with microcredentials
and offering technology-enabled learning opportunities for such
learners.

» Explore concepts, theories, and methods for building AEC learn-
ers’ digital inclusion, digital fluency, and digital adaptability.
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e Create an inclusive community of practice and learning. Apply
principles such as user-centered design (UCD) to change what
we teach and how we teach, for example, the involvement of
underserved students in ideation, assessment, and testing alter-
natives. Individualize teaching/learning delivery according to
the conditions of each student.

The digital adaptability challenge was addressed mostly by
voted actions, followed by a tie between challenges of technologi-
cal readiness and digital inclusion. Action 7 was identified but not
mapped to any challenges.

Discussion and Limitations

The qualitative results of the two workshops suggest that the
next-generation learning-centered environment in AEC should be
viewed as a technology-enabled, learner-focused, and evolving
ecosystem. In summary, a shared vision of the next-generation
learning-centered environment for AEC education can be summa-
rized in four theme-based statements as follows:

e AEC Curricula and Industry Practice. This theme aims to in-
spire students in the AEC programs to learn emerging technol-
ogies, develop transferable skills such as cross-disciplinary
skills and skills to learn emerging technologies, foster a growth
mindset, and develop the ability to help the AEC industry
transform into Construction 4.0. The role of technology in
supporting these learning activities needs to be explored. The
learning activities need the support of (1) a new model of
collaboration and communication to reduce the mismatch be-
tween what the industry needs and what is taught in AEC
programs, (2) inspired and capable teachers, (3) relevant pol-
icies and guidelines at academic institutions to encourage cur-
ricula improvement, and (4) the involvement of accreditation
organizations.

e Interdisciplinary Learning. This theme aims to create a better
integrated AEC curriculum model that fosters an interdiscipli-
nary mindset and prepares students with balanced depths and
breadth to be able to work across disciplinary lines. The role
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Action 1: Develop students' transferable skills
and self-learning capability.

Action 2: Create pedagogically sound
approaches to support lifelong learning.

Action 3: Explore concepts, theories, and
methods for building AEC learners' digital
inclusion, digital fluency, and digital
adaptability.

!

Action 4: Create an inclusive community of
practice and learning.

H

Action 5: Develop a growth mindset and self-
directed learning habits.

H

Action 6: Develop holistic approaches to
address digital inequity in education.

H

Action 7: Continuous discourse about the
evolving processes and technology norms in
the industry.

Technological readiness: Institutions of higher
education face challenges in meeting the needs of
students with varying levels of technological readiness.
Deficiencies in digital literacy are shown to be a
hindrance to their success. While both the contents and
the learning environment can be digital technology-
intensive, the challenge is how we use technology-
enabled education to achieve equitable outcomes.

0000

Digital adaptability: Digital adaptability is a relatively
new concept in AEC education. It is largely unknown
what constitutes digital adaptability for AEC students. It
is important to explore how to foster such foundational
skills and create a mindset committing to continuously
developing such skills to meet challenges due to
evolving AEC education. In particular, how can we
build digital adaptability among underserved AEC
learners?

Digital inclusion: It is critical to develop a holistic
focus on digital inclusion, which includes not only
physical access to digital technologies but the entire
teaching and learning ecosystem, such as considering
the disabilities of students and the attitude toward such
students. Subsequently, the challenge is to develop an
understanding of digital inequity in AEC education

systematically. M@_

Fig. 8. Map of actions and challenges in digital inequity.

of technology in supporting these learning needs is to be ex-

plored. It is also essential that there is inspired faculty.

» Technology and learning. This theme relates to enhancing AEC
learning environment using data-driven and Al/machine learn-
ing technologies, including emerging technologies for discipli-
nary and interdisciplinary education.

e Digital inequity. This theme articulates the need to produce
AEC students with digital fluency, digital adaptability, and a
growth mindset to cope with the evolving technological environ-
ment in the AEC industry and AEC education. AEC programs
systematically develop an understanding of digital inequity in
AEC education, not just physical access to digital technology
but other factors such as considering disability and attitude
toward such students.

The identified actions constitute major steps on the roadmap for
creating the shared vision of the next-generation learning-centered
environment for AEC education. The top three actions in each
theme are summarized in Table 3.

It needs to be noted that several main factors limit the discus-
sions and findings. First, the number and categories of participants
are limited. Due to funding and resource limitations, including ad-
ditional participants with different pedagogical experiences and
perspectives was impossible. For example, the study can benefit
from the perspective of academic administrators. Secondly, the de-
sign of the two-workshop format may create a knowledge gap. To
improve knowledge transfer, we planned an overlap of core partic-
ipants in both workshops, in addition to providing Workshop 1 re-
sults (including the identified challenges and solutions for creating
the shared vision) to Workshop 2 participants prior to the beginning
of the workshop. However, there is no guarantee that participants of
Workshop 2 had the same understanding and interpretation of the
Workshop 1 results as the Workshop 1 participants. It is impossible
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to identify potential misunderstandings of the intention or context
of the recommendations of Workshop 1 by Workshop 2 partici-
pants. Thus, it is difficult to know if such misunderstandings have
impacted the findings. Finally, the qualitative nature of the study
can be subjective, and the results may be susceptible to different
interpretations.

Conclusion and Future Directions

The goal of this study was to create a shared vision of the next-
generation learning-centered environment for AEC education, in-
cluding its characteristics, grand challenges, and opportunities, and
offer a roadmap for research and implementation. In this regard, we
organized two interrelated workshops with the participation of differ-
ent stakeholders, including researchers, educators, and practitioners,
in collaboration with the ASCE and ASEE. The workshops had three
main elements, i.e., human stakeholders, lifelong learning, and tech-
nology, in four themes, i.e., AEC curricula and industry practice,
AEC interdisciplinary education, technology and learning, and dig-
ital inequity. A total of 63 experts participated in the workshops
(37 in Workshop 1 and 30 in Workshop 2) from multiple disciplines
of architecture, engineering, construction, computer science, learn-
ing science, education, and social sciences. Participants explored rel-
evant questions on topics such as a vision for the next-generation
AEC education learning-centered environment and the role of
emerging technologies in shaping that environment.

The outcome of this series of workshops illustrated that a sys-
tematic effort is needed to implement the actions and realize the
shared vision and the contribution of all stakeholders. To solve this
complex challenge, the AEC education community needs to take
the lead in pedagogical and curriculum reform and professional
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Table 3. Roadmap for creating the shared vision of the next-generation learning-centered environment for AEC education

Theme Actions

AEC curricula * Improve cross-training and foster skill sets needed to understand scientific methods, human behavior, material science, and
and industry practice ecology, in addition to computational thinking, communication skills, business savviness, and digital literacy.
 Identify connecting concepts between disciplines to support deep integration of disciplinary knowledge and include those
concepts in teaching.
* Identify specific gaps in the industry to realize IR4.0 or the implication of IR4.0 to the AEC industry and decide the role of
AEC education. Address questions on how AEC education communities can bridge the gaps and refocus AEC education on
transferable skills, enabling toolsets, and a growth mindset.

Interdisciplinary » Foster an interdisciplinary collaboration mindset.

education  Investigate the role of emerging technologies in creating a better interdisciplinary learning environment, such as a cloud-based
intelligent immersive platform (responsive environment, dynamic feedback, and experiential learning) and adaptive learning
systems operated by Al algorithms for developing a learner profile (individual scaffolding and learning path for students of
different disciplines).

* Explore a new model to balance between depth and breadth for curriculum design (professor’s mindset, depth versus breadth,
problem-solving skills, multidisciplinary lifelong learning skills, coding/programming, data/statistical capabilities, and
cognitive skills). Determine if a curriculum can be effectively designed and implemented as a reversed T with extension to other
disciplines (breadth).

Technology * Consider the limitation of faculty knowledge, create pathways for faculty professional development, and provide effective
and learning incentives and rewards for faculty to incorporate new technologies into teaching or the curriculum.

* Have a better understanding of the role of emerging technologies such as Al and DT and their potential in AEC education,
including resolving conflicts among design, engineering, and construction and simulating in-person integrations. In the
meantime, explore their implications on educational practices, such as data privacy and security.

» Explore a new T-shaped education model across AEC disciplines and determine potential overlaps or connectivity among
disciplines.

Digital equity » Develop students’ transferable skills and self-learning capability to deal with constant changes in technologies and mitigate the

potential digital divide.

* Create pedagogically sound approaches to support lifelong learning, for example, supporting learners with microcredentials
and offering technology-enabled learning opportunities for such learners.

» Explore concepts, theories, and methods for building AEC learners’ digital inclusion, digital fluency, and digital adaptability.

e Create an inclusive community of practice and learning. Apply principles such as user-centered design (UCD) to change what
we teach and how we teach, for example, the involvement of underserved students in ideation, assessment, and testing
alternatives. Individualize teaching/learning delivery according to the conditions of each student.

development, share and promote the vision with a larger audience, Acknowledgments
such as professional societies and accreditation agencies, and explore
new models to maintain effective communication with the industries.
Today, many specific activities by individual faculty can already con-
tribute to the vision, such as incorporating technology-related content

in various AEC courses, sharing experiences with colleagues, and
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researching the effectiveness of new technologies in learning. How- the NSF.
ever, the complexity of challenges requires a convergence approach
that the AEC community is not yet prepared to create due to factors
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