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Technological advancements in robotics and automation
are poised to disrupt the Architecture, Engineering, and
Construction (AEC) industry sector but robotics training
within these fields has historically faced issues of high cost,
limited accessibility, and narrow demographic representa-
tion. Architecture students are typically at a disadvantage
compared to their peers in engineering disciplines due to
a historic and ongoing lack of access to robotic tools and
established training opportunities tailored to their educa-
tional needs. Women and minority students often face even
greater obstacles to access due to the scarcity of robotics
training options in a male-dominated field that tends to lack
diversity. This paper examines how emerging artificial intel-
ligence (Al) and immersive technologies can help to transform
robotics education to be more equitable, adaptive, and scal-
able. It begins by outlining current limitations in traditional
training methods, which rely on in-person workshops with
proprietary systems. Next, it explores the educational affor-
dances and ethical risks of incorporating Al for personalized
learning. The paper then discusses how virtual reality (VR)
and augmented reality (AR) can be employed to create more
accessible and engaging robotics curricula, underscoring that
these same advanced technologies may also introduce poten-
tial biases if training data is not sufficiently diverse. The paper
describes ongoing initiatives by an interdisciplinary research
team led by architecture faculty at a coalition of public
majority-minority research universities to help improve
access to training and representation in the field of robotics.
It describes three projects funded by the National Science
Foundation that leverage VR, AR, and Al to create a more
inclusive robotics training tailored for learners from multi-
cultural and minoritized backgrounds. These projects collect
learner data and real-time performance metrics to support
the design of adaptive learning systems that can enhance
learning outcomes for a diverse pool of learners. The paper
addresses the pressing imperative to re-envision existing
technical training models by leveraging Al and immersive
technologies to foster enhanced representation and improve
access to robotics education.

BIAYNA BOGOSIAN
The Design School / Arizona State University

INTRODUCTION

Today, we are confronted with existential challenges. The
convergence of significant impacts stemming from factors
such as global warming, rising social disparities, and economic
inequalities exacerbated by automation and Al technologies
characterizes our current period and the foreseeable future. In
response to these challenges, it isimperative to critically reassess
established academic disciplines and professions, considering
their historical origins in structures of power, inherent biases,
and their effects on labor relations and the workforce. Fields like
architecture, engineering, and construction (AEC), which play a
pivotal role in shaping our built environments and have deep-
rooted connections to issues of discrimination, inequality, and
bias, require urgent and thorough reevaluation.

As Artificial Intelligence (Al) and automation disrupt labor mar-
kets, it becomes even more crucial to reimagine our educational
frameworks. Our educational systems must not only impart tech-
nical skills but also equip individuals in AEC with the capacity and
awareness needed to navigate these crises effectively. Education
should empower diverse communities to influence the trajec-
tory of Aland emerging technologies, ensuring that they actively
shape these developments rather than being passive recipients
or marginalized by them. To achieve this, it is essential to center
critical perspectives that illuminate the intricate power dynamics
within AEC fields, which underlie labor, technology, and societal
structures. Our educational frameworks must be designed to
empower learners from diverse backgrounds to ethically apply
automation and robotics for the betterment of the environment,
society, and the economy.

Given this context, it is evident that the current training mod-
els and programs for robotic programming and operation must
undergo revision, addressing several limitations that impede
their scalability, ease of distribution, and inclusiveness. One of
the primary challenges is cost, as specialized training programs
often come with a hefty price tag, thereby creating barriers to
entry for individuals and organizations with limited resources.*
This financial obstacle perpetuates a cycle wherein only well-
funded entities can afford to develop expertise, resulting in the
concentration of skills and capabilities among a privileged few.




Additionally, traditional training models frequently rely on re-
source-intensive approaches, such as in-person workshops and
specialized equipment. These methods are challenging to scale
effectively in response to the growing demand for robotics skills.
Moreover, many existing programs are tailored explicitly to the
technologies of specific manufacturers, limiting the adaptability
of the training. This specialization leads to a cohesive skills land-
scape where individuals are proficientin operating systems from
one manufacturer but must be equipped to adapt to a competi-
tor’s hardware and software. The lack of interoperability in such
training programs could potentially stifle innovation and restrict
the agility required for workers to adapt to the rapidly evolving
technological landscapes.

This paper commences with an exploration of the prevailing
state of robotics training in the AEC sector, with a particular
emphasis on the challenges that define this field. It subsequently
delves into recent technological advancements in Al and im-
mersive technologies in the context of education, including an
examination of both the advantages and the potential risks or
drawbacks introduced when integrating Al into educational sys-
tems. Lastly, the paper outlines the initiatives undertaken by the
[Anonymized] Lab at [Anonymized] University in collaboration
with research partners at a coalition of public minority serv-
ing institutions. It provides insights into two ongoing projects,
each strategically designed to address and resolve challenges
in Al-powered robotic training. These projects represent prac-
tical responses to the issues identified earlier in this paper,
with the overarching goal of advancing the field by offering ac-
tionable solutions.

CURRENT ROBOTICS TRAINING PRACTICES: ACCESS,
STANDARDIZATION, AND PEDAGOGY

The Architecture and Building Industry is transforming, primarily
fueled by robotic automation and Artificial Intelligence integra-
tion. These technologies are fundamentally changing traditional
practices in designing, planning, and constructing built environ-
ments. These shifts introduce a host of challenges to which
professionals must swiftly adapt. Given these circumstances,
practical training is critical in preparing the future workforce to
navigate and leverage these advances.

Despite the growing demand for roboticists, training programs
still need to be expanded in scale and scope.? Industrial robotics
training is often conducted in specialized classrooms at a few
on-site facilities, making it prohibitive for most people to ac-
cess without sponsorship and support. A typical student has to
take time off from work, travel to a specialized training facility,
and stay in a hotel while completing their training. To accom-
modate this common situation, training is typically condensed
orintensive, designed to be delivered as quickly as feasible. This
method does not necessarily support different types of learners
who may experience more effective learning using an alternative
modality or at a different pace. Although effective, traditional
classroom setups for teaching robotics often demand a low
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student-to-teacher ratio and access to specialized equipment.>
This bottleneck hinders access to training for the vast majority of
workers who will need to upskill in order to remain competitive
in the labor market.

Before attending robotics training workshops, learners often
begin with text or proprietary manuals that focus on how to
work with a specific brand or type of equipment. Training ses-
sions include lectures, live demonstrations, and supervised
hands-on practice with a training robot. Cohort sizes are often
small, and training follows patterns associated with traditional
classrooms or workshop settings. Learning is geared toward pro-
prietary equipment, systems, interfaces, and software with little
attention to the transferability of knowledge to other brands or
types of robotic tools and systems. Since most robot manufac-
turers use different hardware and software configurations, more
standardization is needed in control interfaces, nomenclature,
and programming procedures. For this reason, training and pro-
ficiency in working with one type of robot do not easily translate
to competency with those produced by other manufacturers.

Most training is oriented towards the commissioning, calibration,
and maintenance of equipment as well as typical manufacturing
or material handling procedures using proprietary equipment
and software. Training content is typically designed to support
students learning, reproducing, and mastering the correct
concepts and techniques while avoiding spontaneous decision-
making in order to minimize misconceptions, mistakes, and the
development of poor habits. Knowledge or mastery in this learn-
ing model is conceived as knowing the singular correct response
to a particular problem or the correct next step in a predeter-
mined procedure or sequence. This approach anticipates learned
responses known by the learner, having been programmed by
the instructor.*

In most training, there is little focus on general knowledge,
concepts, and transferable strategies for working creatively to
address common issues one might encounter working with other
types of robots in different procedures, scenarios, or conditions.
Emphasis on developing procedural skills tailored to specific plat-
forms has come at the expense of fostering a holistic conceptual
understanding, systems thinking, creativity and problem-solving
that enable adaptability across contexts. Technical instruction
has been typically prioritized without adequate incorporation of
socio-ethical considerations essential for the responsible devel-
opment and deployment of automation technologies.

In recent years, developments in Artificial Intelligence,
Augmented Reality (AR), and Virtual Reality (VR) have fa-
cilitated the creation of immersive and interactive learning
environments. Similarly, the rise of machine learning and big
data analytics allows for more nuanced, real-time assessments
of student performance, thereby enabling personalized learn-
ing pathways. The integration of these technologies holds the
promise of making learning more adaptive and scalable, thereby
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transforming education for greater inclusivity and democratizing
access for all learners. However, as we begin working toward
transforming robotics education, our expectations regarding
learning content and objectives must be realigned for technical
competency, critical thinking, and ethical application. Educating
the next generation demands integrating technical depth with
humanistic breadth, equipping learners to align innovations with
shared values. We must view robotics knowledge not as fixed
procedures within proprietary systems but as a means to collab-
oratively reshape automation technology in service of ecological
sustainability, social equity, and human dignity.

EMERGING TECHNOLOGIES FOR ENHANCED
ROBOTICS TRAINING

The Affordances and Pitfalls of Al-Driven Learning: Understanding
the mental, psychological, and social processes involved in
the learning process can help us better serve students’ varied
learning needs. However, this has historically been a complex
endeavor. This complexity arises from the need to accommo-
date a range of factors, including diverse backgrounds, differing
cognitive capabilities, and the imperative for immediate,
context-sensitive feedback. These multi-dimensional variables
often interact in perplexing ways, thus rendering the design of a
universal educational approach for robotics highly challenging.

Emerging advancements in Al and computational technolo-
gies are heralding transformative approaches to addressing
these complex educational challenge.® Recent strides in logical
reasoning, big data, predictive analytics, and natural language
processing enable the development of Intelligent Adaptive
Learning Systems.®” These systems aim to transcend the limita-
tions of traditional pedagogical methods by offering personalized
instruction. These technologies enable the quantification of
student behavior and performance, providing previously
elusive insights. Data-driven algorithmic decisions can then ef-
fectively guide students through training modules, increasing
the probability of successful learning outcomes. This level of
personalization offers considerable benefits, including increased
educational efficacy by catering to individual students’ diverse
learning paces and trajectories. Thus, Al-driven educational
models not only stand to improve learning outcomes but also
aim to democratize access to high-quality education, offering
more significant equity for learners from various backgrounds
and cognitive abilities.

Nonetheless, the integration of Al into educational systems is
fraught with ethical complications. Of paramount concern is the
risk of algorithmic bias originating from training datasets that
are skewed or unrepresentative. 310141213415 Thase hiases can
and often do arise inadvertently through the natural process
of training Al systems on data from a homogeneous group of
individuals. This can lead to a narrow or distorted understand-
ing of learning behaviors and needs, undermining the efficacy
and fairness of Al-driven educational solutions. Researchers em-
phasize the potential for bias to arise even in well-intentioned

systems if the training data does not adequately reflect diverse
populations. Such bias may result in inaccurate or unfair edu-
cational assessments, eroding the trustworthiness of Al-driven
educational systems.

To mitigate the risk of Al bias, educators and researchers are
responsible for proactively addressing these ethical consid-
erations. This begins with the thoughtful curation of training
datasets representative of the diverse populations these edu-
cational systems aim to serve. Furthermore, continuous
monitoring and auditing of algorithmic decision-making are
crucial for identifying and correcting inadvertent biases that may
emerge over time. Educators can also incorporate explainability
and transparency features into Al systems, allowing a clearer
understanding of how educational assessments are generated.
In this way, end-users are empowered to question and scrutinize
the Al’s decisions, enhancing system accountability.

Spatial and Immersive Technologies for Enhanced Learning:
Spatial and immersive technologies, such as Virtual Reality (VR)
and Augmented Reality (AR), are becoming a leading frontier
in computing. They are also revolutionizing the fields of train-
ing and education.'®'” These technologies enable the creation
of computer-generated simulations that greatly enhance the
training experience, creating a more engaging and enriched
learning environment.*®*° Research has shown that simulated
environments are highly conducive to training and learning
assessments, providing a safe and cost-effective space for prac-
tical rehearsals.?®

In the context of robotics training, spatial and immersive tech-
nologies like VR and AR offer unique benefits. VR can provide
a safe and risk-free training environment, allowing students to
engage in simulations before working with real robotic systems.
Simulated equipment and environments reduce the time and
cost associated with training by increasing familiarity with robot-
ic setups, operations, and scenarios.?? Conversely, AR can offer
supplementary feedback and information when students are
ready to interact with real-world robots. Overlaying situational
data and simulations in AR can deliver real-time guidance and
feedback, enhancing the learning process.?> When combined
with Al technologies that actively monitor and respond to the
learner’s actions in a changing physical environment, this type
of information can act as a form of virtual coaching.

AR and VR technologies can be strategically integrated at dif-
ferent stages of training to optimize the learning process.
Furthermore, these technologies offer two significant advan-
tages for scalability. Firstly, their virtual nature allows for easy
updates and the inclusion of new training scenarios, ensuring
that the content remains current and relevant.? This is particu-
larly valuable in the field of rapidly evolving robotic automation,
where the costs and logistical challenges of constantly updat-
ing physical training setups can be prohibitive. Secondly, these
technologies facilitate the dissemination of training materials,




enabling broader distribution beyond traditional workshops and
classrooms. As a result, Al and immersive technologies have the
potential to democratize specialized training, making it more ac-
cessible to a wider audience while circumventing the logistical
and financial constraints faced by both trainers and trainees.

NARROW REPRESENTATION AND ITS PERVASIVE
EFFECTS

While the discussion has thus far focused on the technological
aspects of developing effective robotics training, it is crucial to
confront the broader issues of equity and access. Like other
STEM domains, the field of robotics has historically been char-
acterized by a striking lack of diversity.?> Recent findings indicate
that women represent a scant 16% of individuals in engineering
and robotics roles.”* Meanwhile, according to the US Bureau of
Labor Statistics, the percentage of women in the construction
industry is only 10%.%° Furthermore, while Hispanic workers
make up more than 30% of the construction workforce, Black
workers make up only 5%. These concerns are magnified when
considering ethnic diversity within the STEM workforce.?® Data
from the National Center for Science and Engineering Statistics
in 2023 reveals that Hispanic and Black workers comprise only
15% and 9% of the total STEM workforce, respectively. This lim-
ited diversity has far-reaching implications, affecting not only
individual opportunities but also the sector’s collective intellec-
tual and creative output.

This narrow representation has multi-layered consequences
in the field of robotics. Curriculum and training materials,
predominantly shaped by a limited demographic, often need
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more comprehensive perspectives a more diverse group would
contribute. This type of environment risks becoming an echo
chamber, serving to fortify existing biases and stifling intellectual
diversity. As observed in various other domains,”” individuals
from different backgrounds offer unique approaches to prob-
lem identification, analysis, and resolution. If opening the field
of robotics to an increasingly diverse pool of people is to be suc-
cessful, improving representation in the development of training
tools is a critical first step.

As previously discussed, additional layers of complexity and
associated risks emerge when incorporating advanced tech-
nologies such as artificial intelligence for personalized training.
A primary concern revolves around the quality and diversity of
training data employed in creating Al models. If these datasets
originate from a restricted demographic, the Al systems can cul-
tivate and disseminate biases inherent to that particular group.?®
Such biases may have detrimental implications for personalized
learning experiences, notably affecting underrepresented or
marginalized communities.

The impact of such limitations extends beyond individual edu-
cational programs or training sessions. Bias can be systemically
ingrained into the underpinnings of the educational, profession-
al, and research systems themselves, thereby compromising the
effectiveness of the training tools that can be conceived, devel-
oped, and implemented. This subtle type of unconscious bias has
a knock-on effect that limits diversity of thought and innovation,
thereby reinforcing the systems and structures responsible for
creating bias and a lack of representation in the first place.? This

Remote Robaot Lab

In-person Training Lab

R&D

Roboticist Forum

Use-case Showroom

s, i

e : "'-e.
Innovation

Network Technical Trends



ACSA 113th Annual Meeting: Repair | March 20-22,2024 | New Orleans, LA

leads to a situation in which the potential for novel applications
of robotics technologies is reduced, and the entire field is less
creative, less competitive, and less economically productive.

IN PURSUIT OF EQUITABLE OUTCOMES

In an effort to address training challenges, this section of the
paper discusses initiatives undertaken by the [Anonymized]
Lab at [Anonymized University]. Housed within the School of
Architecture, the Lab’s research agenda is structured around
three synergistic pillars: Innovative Learning Platforms, Spatial
Computing and Representation, and Emergent Materials and
Digital Fabrication.

[Anonymized University]’s distinctive status as one of the largest
public Minority Serving Institutions in the country offers the Lab
aunique environment in which to shape its research agenda. The
Labis also situated in a city where the majority of residents speak
English as a second language. This contextual backdrop has
shaped the Lab’s research agenda, resulting in a broad portfolio
of projects aimed at addressing the pressing need to develop
training tools and research projects tailored to meet the needs
of a multicultural and multilingual demographic.

The leadership configuration of the [Anonymized] Lab plays a
pivotal role in shaping its commitment to diversity and inclusion.
Led by two minority women with backgrounds in architecture,
education, structural engineering, computational design, and
media arts, the Lab has consistently prioritized inclusivity, as
evidenced by the composition of its student and research as-
sistant cohort. Over the past three years, the Lab has maintained
an average women representation of 75% among its students
and research assistants. This demographic makeup underscores
the Lab’s ongoing efforts to foster a diverse and inclusive re-
search environment.

In a further commitment to leveraging the diversity of the stu-
dent body, the [Anonymized] Lab has developed projects that
incorporate state-of-the-art spatial and immersive technolo-
gies for enhanced robotics training and employ Al to develop
personalized learning environments with the potential for more
significant impacts on the AEC industry. These projects are not
merely technological exercises; instead, they aim to ensure that
the design and evaluation of immersive learning technologies
accommodate the diverse learning needs of the student body.
The following three sections provide overviews of three related
projects at the Lab. These projects serve as case studies illus-
trating how emerging technologies could be leveraged to foster
greater inclusivity in robotic training.

1) ROBOTICS ACADEMY

In 2019, researchers at the [Anonymized] Lab initiated a one-
year project funded by the National Science Foundation (NSF)
Convergence Accelerator (C-ACCEL) Program. Their goal was
to plan and design a comprehensive robotics training program
called the Robotic Academy. This planning phase involved a

Figure 2. Scene from the VR learning prototype demonstrating how
the command panel corresponds to a physical teach pendant in real
world.

thorough assessment of industry-specific training needs, which
was conducted through expert interviews and focus group stud-
ies. This groundwork served as the foundation for developing the
entire training program, emphasizing the importance of using
both in-person and virtual delivery methods. The program aimed
to disseminate knowledge in industrial and small robotics.>°

The Robotic Academy was conceptualized as a cloud-based re-
source intended to benefit the Architecture, Engineering, and
Construction (AEC) workforce. The overarching goals included
expanding access to training, creating a community of AEC ro-
boticists, and fostering connections between employers and
roboticists to address the industry’s demand for highly skilled
individuals. The proposed framework encompassed three key
components: 1. Immersive Learning: This component focuses
on an Al-powered, customizable curriculum delivered through

Augmented Reality (AR) and Virtual Reality (VR). 2) Open
Knowledge Network (OKN): This component aimed to facilitate
knowledge sharing and technical problem-solving by establishing
acentralized hub for researchers, professionals, and students to
exchange information. 3) Automation Marketplace: This compo-
nentserved as a platform for adaptive matchmaking, connecting
entrepreneurs, employers, and employees for job opportunities.

Following the completion of this plan, the research team con-
centrated on developing a “proof of concept” for the Immersive
Learning Branch. User testing revealed that VR was well-suited



Paper title to be inserted on master page

@ o
o

Figure 3. Scenes from the VR learning prototype demonstrate how the curriculum addresses the concept of alternate coordinate systems and
helps learners to build skills in jogging the robot. This task challenges students to match the pose of the ghosted robotic arm using Axis-Specific
and World-Specific motion types - the arm turns green when the poses match.

for introductory and safety topics due to its immersive nature,
while AR was more appropriate for advanced subjects that re-
quired hands-on interaction with robots. 3!

These findings were influenced by the limitations of existing
Head-Mounted Displays (HMDs), with an understanding that
the future of immersive media was likely to merge VR and AR
capabilities in all HMDs.*

The team integrated a rudimentary adaptive learning system
into the prototype to test the introductory curriculum content
and delivery. The learning environment, designed for HTC Vive
Eye Pro HMD using the Unity game engine, simulated a large
industrial robotics training facility with dedicated work cells
and various training robots for each lesson. Participants were
encouraged to navigate the training environment at their own
pace, engaging with industrial robots, safety videos, and interac-
tive demonstrations on robotic anatomy and terminology.

The final prototype marked a significant milestone, confirming
the feasibility of the team’s approach and paving the way for
future projects to advance robotics training.

2) AN INTELLIGENT IMMERSIVE ENVIRONMENT FOR
LEARNING ROBOTICS

Building upon the research and development work conducted
in the section 5.1 project, the team secured additional support
from the NSF’s [Anonymized Program] to launch a new initiative

focused on creating an intelligent and immersive environment
for learning robotics. This project leverages Machine Learning
and Natural Language Processing algorithms to craft a personal-
ized learning experience within a VR setting, building upon the
previously developed prototype.

The curriculum for this project comprises six core modules, rang-
ing from foundational topics such as workplace safety and robotic
anatomy to more advanced subjects like calibrating and pro-
gramming industrial robotic arms. These modules are presented
as a learning game designed to enhance engagement by allow-
ing students to practice skills and receive performance-based
scores. The adaptive learning system gathers a comprehensive
set of metrics from the learner’s interactions within the VR envi-
ronment to achieve the project’s personalization objectives. This
includes data such as the time spent on activities, the number of
attempts made, verbal responses to system-generated queries,
and performance results from quizzes and tasks. Additionally,
the system considers information from students’ profiles, in-
cluding their backgrounds and skill levels. The system tailors
the training experience by combining performance data points,
enabling a more nuanced and adaptive learning path that aligns
with each individual’s needs and progress.

This project addresses a crucial research gap by integrating
learning systems with immersive virtual environments to create
an adaptive learning experience. While previous research has
explored these domains separately, merging these elements to
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Figure 4. A visual representation of a student engaging with the VR Interface during lesson selection.

construct a robust personalized learning system represents a
novel endeavor. Testing this Al-powered approach within an im-
mersive VR curriculum demonstrates an advanced application of
adaptive learning. Furthermore, the curriculum’s development
by a diverse team and its extensive testing with underrepresent-
ed participants safeguard against inherent biases and provide a
rich dataset for refining the adaptive learning system.

3) AUGMENTED LEARNING FOR ENVIRONMENTAL
ROBOTICS TECHNOLOGIES (ALERT)

This project, funded by the NSF’s [Anonymized Program Focused
on Undergraduate STEM Education], focuses on augmented
learning for environmental robotics technologies. This project
is designed as an educational tool to build expertise in small
robotics, specifically targeting environmental data collection,
analysis, and visualization. The project aims to provide a special-
ized curriculum in environmental robotics education, leveraging
AR as the primary mode of content delivery. The project offers
an immersive and interactive learning experience using AR that
facilitates a deeper understanding of environmental data and
robotics applications in real-world settings.

Using the project’s adaptive learning system, students engage
in guided learning activities while wearing an AR headset to
work with various “parts kits.” In some cases, kits are physical
components that must be assembled in a specific way. In other
instances, they are snippets of code or blocks of data that can
be plugged into one another in various ways to perform ac-
tions or display information. The interactive nature of handling

physical components and viewing lines of code and blocks of
data with on-demand informational overlays allows learners
to explore how the components and data modules can be as-
sembled to create a robot for collecting and viewing data from
the environment.

The curriculum is structured into three modules, including
foundational concepts through customized online lessons and
assessments, applied learning tasks delivering hands-on proj-
ect development, and testing in a face-to-face classroom using
augmented reality headsets. Students assemble and program
environmental monitoring devices tailored to their interests.
The data analysis module teaches interactive techniques to
understand and communicate insights from the collected data
through immersive data visualizations. This multifaceted cur-
riculum ensures students gain theoretical knowledge, practical
skills, and data literacy.

In this project, the data collection for personalizing the learn-
ing experience employs a range of metrics. First, the student
profile data captures background information and pre-existing
skill levels. This sets the initial context for tailoring the curriculum
to individual needs. Second, student performance in quick quiz
questions provides real-time assessments that are immediate
indicators of comprehension and engagement. This allows the
adaptive system to adjust the content or difficulty levels instant-
ly. Third, eye gaze information is collected as biometric data,
providing insights into the learner’s focus and cognitive load.>*
34This nuanced data can indicate whether a student is engaged,
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Figure 4. A visual representation of a student engaging with the project’s VR Interface during lesson selection..

providing insights into the learner’s focus and cognitive load.>*
34 This nuanced data can indicate whether a student is engaged,
confused, or requires additional support, enabling a more dy-
namically responsive learning experience. Collectively, these
data sources contribute to creating an exceptionally tailored
educational experience designed to optimize learning outcomes
for each student.

Like the other two discussed projects, the project also lever-
ages technology to foster inclusivity and the needs of diverse
learners. Embracing Augmented Reality and adaptive learning
mechanisms, it intentionally creates a learning environment that
transcends traditional barriers, accommodating many learning
styles and backgrounds. With this project, the importance of
creating training platforms that embrace diversity for optimal
learning outcomes is underscored, echoing the broader narra-
tive of inclusion within the ever-evolving realm of AEC.

CONCLUSION

The need for diversity and accessibility in robotics training is a
pressing concern that demandsimmediate attention. Historically,
robotics education has been constrained by limited resources
and location-specific requirements, limiting its accessibility to
a broader range of students. These constraints perpetuate in-
equality, particularly inin-stitutions like [Anonymized University].
However, emerging technologies such as Al, VR, and AR, when
used alongside ethical approaches and insights from learning
science, hold transformative potential.

This paper has examined projects that harness cutting-edge tech-
nologies to promote diversity and inclusion in robotics education
within the field of Architecture, Engineering, and Construction
(AEC) at [Anonymized University]. By utilizing Al-powered adap-
tive algorithms that cater to diverse learner data and styles,
these pro-jects represent both technological progress and the
promotion of social equity. Tailored to accommodate a varied
student body with distinct educational backgrounds and needs,
these initiatives aim to level the educational playing field by
providing personalized and empowering learning experiences.

The unigue environment of [Anonymized University] provides
anideal testing ground for validating and refining these systems,
given its diversity and representation of broader educational
challenges. The insights gained from these projects enhance
pedagogical approaches within the university and offer valu-
able lessons for addressing diversity and inclusion challenges in
robotics education on a larger scale in the AEC industry.

ACKNOWLEDGEMENTS

This material is based on work supported by the National Science
Foundation Programs including 1) Convergence Accelerator
program (C-ACCEL), Award No. 1937019: Preparing the Future
Workforce of Architecture, Engineering, and Construction
for Robotic Automation Processes, 2) Research on Emerging
Technologies for Teaching and Learning program (RETTL), Award
No. 2202610: Intelligent Immersive Environments for Learning
Robotics and 3) Improving Undergraduate STEM Education



ACSA 113th Annual Meeting: Repair | March 20-22,2024 | New Orleans, LA

program (IUSE), Award No. 2315647: Augmented Learning for
Environmental Robotics Technologies. Any opinions, findings,
and conclusions, or recommendations expressed in this mate-
rial are those of the authors and do not necessarily reflect the
views of the National Science Foundation.

ENDNOTES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bergson-Shilcock, A.: Funding Resilience: How Public Policies Can Support
Businesses in Upskilling Workers for a Changing Economy. National Skills
Coalition (2020)

ElZomor, M., Pradhananga, P., Santi, G., Vassigh, S.: Preparing the future work-
force of architecture, engineering, and construction for robotic automation
processes. In: 2020 ASEE Virtual Annual Conference Content Access (2020)

Peterson, E., Bogosian, B., Tubella, J., and Vassigh, s. “Teaching robotics with
virtual reality: Developing curriculum for the 21st century workforce.” In
International Conference on Applied Human Factors and Ergonomics, pp. 12-18.
Cham: Springer International Publishing, 2021.

Vassigh, S., Corrigan, S., Bogosian, B., Peterson, E., Kaur, B.: Adaptive
Immersive Learning Environments for Teaching Industrial Robotics. In:
Proceedings of the International Conference on Applied Human Factors and
Ergonomics. AHFE (2023)

Alur, R, Baraniuk, R., Bodik, R., Drobnis, A., Gulwani, S., Hartmann, B, et al.:
Computer-aided personalized education. arXiv preprint arXiv:2007.03704 (2020)

Kem, D.: Personalized and adaptive learning: Emerging learning platforms in the
era of digital and smart learning. Int. J. Soc. Sci. Hum. Res. 5(2), 385-391 (2022)

Yuce, A., Abubakar, A.M., llkan, M.: Intelligent tutoring systems and learning
performance: applying task-technology fit and IS success model. Online Inf. Rev.
43(4), 600-616 (2019)

Mirken, B.: Algorithmic Bias Explained: How Automated Decision-Making
Becomes Automated Discrimination, The Greenlining Institute (2021).
https://greenlining.org/wp-content/uploads/2021/04/Greenlining-Institute-
Algorithmic-Bias-Explained-Report-Feb-2021.pdf. Accessed 2023

Mdiller, V.C.: Ethics of artificial intelligence and robotics (2020)

Gebru, T.: Oxford handbook on Al ethics book chapter on race and gender. arXiv
preprint arXiv:1908.06165 (2019)

Nelson, G.S.: Bias in artificial intelligence. N. C. Med. J. 80(4), 220-222 (2019)

Whittaker, M., Crawford, K., Dobbe, R., Fried, G., Kaziunas, E., Mathur, V., et
al.: Al Now Report 2018, pp. 1-62. Al Now Institute at New York University,
New York (2018)

Endo, S.K.: Technological Opacity & Procedural Injustice. BCL Rev. 59, 821 (2018)

O’Neil, C.: Weapons of math destruction: How big data increases inequality and
threatens democracy. Crown (2016)

Burrell, J.: How the machine ‘thinks”: understanding opacity in machine learning
algorithms. Big Data Soc. (2016)

Mystakidis, S. (2022). Metaverse. Encyclopedia, 2(1), 486-497.

Kamenov, K. (2017). Immersive experience—The 4th wave in tech: Learning the
ropes. Retrieved from Accenture: https://www. accenture. com/gb-en/blogs/
blogs-immersive-experience-wave-learning-ropes.

Davis, R. 0. (2018). The impact of pedagogical agent gesturing in mul-
timedia learning environments: A meta-analysis. Educational Research
Review, 24, 193-209.

Martirosov, S., Kopecek, P.: Virtual reality and its influence on training and
education-literature review. Ann. DAAAM Proc. 28 (2017)

Vaughan, N., Gabrys, B., Dubey, V.N.: An overview of self-adaptive technologies
within virtual reality training. Comput. Sci. Rev. 22, 65-87 (2016)

Bogosian, B., Vassigh, S., Peterson, E.: Scenario-Driven Virtual Reality
Environments for Learning Robotics. In: Proceedings of the 5th International
Digital Futures Conference on Computational Design and Robotic Fabrication.
Springer, Cham (2023).

Rosenberg, L.B.: Augmented reality: reflections at thirty years. In: Proceedings
of the Future Technologies Conference (FTC) 2021, Volume 1, pp. 1-11.
Springer, Heidelberg (2022)

Memmesheimer, V.M., Ebert, A.: Scalable extended reality: a future research
agenda. Big Data Cogn. Comput. 6(1), 12:1-12:17 (2022)

National Center for Science and Engineering Statistics (NCSES): Diversity and
STEM: Women, Minorities, and Persons with Disabilities (2023)

Wessling, B.: Celebrating the first-international women in robotics Rday, The
Robot Report (2023). https://www.therobotreport.com/celebrating-the-first-
international-women-in-robotics-day. Accessed 4 Oct 2023

Gallagher, C.: Spotlight on Statistics — The Construction Industry: Characteristics
of the Employed, 2003 — 20. US Bureau of Labor Statistics (2022). https://www.
bls.gov/spotlight/2022/the-construction-industry-labor-force-2003-t0-2020/
home.htm. Accessed 12 Oct 2023

27.

28.

29.

30.

31.

32.

33.

34.

Gomez, L.E., Bernet, P.: Diversity improves performance and outcomes. J. Natl.
Med. Assoc. 111(4), 383-392 (2019)

Roselli, D., Matthews, J., Talagala, N.: Managing bias in Al. In: Companion
Proceedings of The 2019 World Wide Web Conference, pp. 539-544 (2019)

Dee, T., Gershenson, S.: Unconscious Bias in the Classroom: Evidence and
Opportunities, 2017. Stanford Center for Education Policy Analysis (2017)

Vassigh, S., Bogosian, B., Peterson, E.: the 4th International Conference
on Computational Design and Robotic Fabrication (CDRF 2013). Springer,
Singapore (2023)

Bogosian, B., Bobadilla, L., Alonso, M., Elias, A., Perez, G., Alhaffar, H., Vassigh,
S.: Work in progress: towards an immersive robotics training for the future of
architecture, engineering, and construction workforce. In: 2020 IEEE World
Conference on Engineering Education (EDUNINE), pp. 1—-4. IEEE (2020)

Vassigh, S., Peterson, E., Bogosian, B., & Tubella, J. “The Robotics Academy:
An Immersive Learning Game for Training Industrial Roboticists.” Building
Technology Educators’ Society 2021, no. 1 (2021).

Xiong, J., Hsiang, E.L., He, Z., Zhan, T., Wu, S.T.: Augmented reality and virtual
reality displays: emerging technologies and future perspectives. Light Sci. Appl.
10(1), 216 (2021)

Bogosian, B., Vassigh, S., and Peterson, E. “Augmented Learning for
Environmental Robotics Technologies (ALERT)”. Emerging Technologies and
Future of Work (117). Country unknown/Code not available: AHFE International
Accelerating Open Access Science in Human Factors Engineering and Human-
Centered Computing. https://doi.org/10.54941/ahfe1004407. https://par.nsf.
gov/biblio/10514305.




10

Paper title to be inserted on master page



ACSA 113th Annual Meeting: Repair | March 20-22,2024 | New Orleans, LA 11




12

Keywords: Insert 3-5 keywords or short phrases for your paper
separated by commas. Use 06_MainBody... Paragraph Style.

Paste Abstract Here. Apply “04_Abstract Paragraph” Style.
Please try to keep your abstract to 300 words or less. If
you have never used Paragraph or Character Styles, please
visit https://helpx.adobe.com/indesign/user-guide.html
for more support.

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)
Select all text after this point (Edit>Select All), delete. Paste
or Place Body Text here. To Place, go to (File>Place.) Assign
“06_Main Body Text” for body text and then apply “05_Section
Header” to headers and apply the Character Style “Body Text
Italics” for all Italics.

To add endnotes within the text, type a number and choose
Character Style “Body - Endnotes Superscript”. If you already
have a Character Style, just choose the text and add the style
from the panel on the right.*

[11_QUOTES]
—Author, Book Title

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)
[06_Main body text] Highlight and delete this text, paste your
textin then use the character styles to alter the styles to Section
Titles, Body Text with Italics, quotes, and endnotes. Maecenas
sagittis metus urna, quis gravida dui ullamcorper ac. Suspendisse
eleifend hendrerit erat, eget tempor libero suscipit et. Nunc
scelerisque convallis massa, quis suscipit lorem fermentum eu.
Duis dignissim pharetra vulputate.? Suspendisse quis gravida
dolor, vitae commodo orci. In dictum sem ut aliquam semper.
Cras imperdiet et diam in luctus. Nullam porta lectus non vehic-
ula scelerisque. Donec efficitur, elit hendrerit sagittis sagittis, est
arcu dignissim lectus, eget bibendum enim arcu sodales nunc.
Vestibulum lacinia, tellus a vulputate pharetra, lacus est tincidunt
massa, eu maximus ipsum nulla nec diam. Proin ac hendrerit
turpis. Sed ac molestie lacus.>

Ut facipidunt, utendandist quis etur aspici dia vellest eatur maio.
It ent, sim que am vellam quibus reped quatibusciam laboria
dero que volore non natioratur, consedis doluptate vello eos et
volutas conseceatem quis a cus re repedit doluptias voluptat
faceari aessequam aceritatur, conesto occus, volorrum enet
quam acearunt aut quas simoles cimaxim olupta eaquibusda
quos et ipsam, voloresequas qui offic tempore, utem vent es-
equunt odi sam aut ut et ut plit, inctatq uatem. Nam, que con
ressite nat delia conecum non cupid ma corem qui quist doles
aturepudae. ltatasiment init omni dior aut utem. Et litibus eatus
ilibuscillant ut que natias expedi dicipsuntiis endia sam faciatque
vitaque doluptat voluptaque parum qui aut la con renihiciunt
aut vellatus conem ipsae in eaque eatiusdandi int millessi nis et
odist audicius sunt ipsae vendellaut pa conet ant facid exerorp

Paper title to be inserted on master page

orporitat ad etur, qui dis ma dolupic iandionectia vit assunt, sit,
tem autemporum abo. Ut fugit audi volo consectasped magna-
tinis voluptatur? Quia int ipsapicia dolorep udandeles molore,
suscium conecae etur mod qui consequi ulluptat rescidis dellita
cullace rferemo digendu cimus, occum re quodicae es maiosan-
del mi, adicias dolumquam fugitae aspelitasped minvernatiur
rersped et alibus dolorest utem quiducit et ut fugit, sequos
dolenda dolore quia aliqguamet alique prem illeceped quianim
poratetur solorporro velitas iminime nditatur?

Ugit ad ma commodis eture aut que nobitis minvenihil magna-
tia saectia endipsapide pedi omnisitiume sum vendam et estem
ipsanti doleni od ulpa nobistium cuptia quatur, corem repel ex-
peliqui vitae velest, que nonsedictur? Quid que res re evenien
disque dolorecus aut laborum et facerum enis est aliae accus, sit
optus erat as autat int volorerion pelenimet pelleca tectur, sus
de poreper ferferum quis aut ipsustibus aut hil et a id que dem
enimagn imperatemped modiscieniet quae sum adi derro im
sum harchicte latusam nient vellore di ullendunt et quo optatur,
tem exera is aut verferum rerum la di consent fugiatur, culpa
et offic tem rerum quame sime porestias earchil itatur? lhiliqu
asimpor aut libus, autectur?*

Rumquis endigendam doles estrum antiis que mod quo ea ant.

Omni reprera verum, sincto consedi nim quia delictis magnati
usaecus, utatum deni cuptatempor acculliberum facea quuntis
voloruntion eario. Esti blaut eos alia est latiati storesti te quasse-
quidi optist et hillupictem vercit es inimet andaesed quat litem
imporaectur adis qui comnienector antes voles resseque omnis
des alitis voluptataqui simillore nulpa velit qui tem. Ignis modisint.

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)

Bis plaboribus. Is eatinvelles doluptature non cuptatem re prae
millit et endae volest, odignam id quuntibus atecae laccae. Turia
velitiis nonsed que laut eaquosa voluptatior mint eaquia aut
everspiciam iderrum doloremposam quo blaceatatias earci as
magnam, quos ea sum qui con experup tatiame volupta tion-
sequo dolorem faccum eum asperum que que sinvenisit laut
veliate molorernam faceptata ius eum dio omnitiat optatatiam
restia volenita sae. Nam, cus cone vel moloreium harivel etus cus
estrunt pel molo cumaqui assima incienis adiam quassus.

Rempeli quatumqui nis dolorporero quam, si aut quunt inverci-
andam quam quidi dis poreptam quae aut molor sintia volupit,
ut etur sequiam ipient pos re, conet lique ereribus qui renis mo-
luptae pedis aborit as arum volenim quo quatiossunt enihit labor
adignis eos doluptatem ende voloribus.

Fictum faccuptiam es magnient ut est, ut re et, et voluptatem
labore volorerrum vendaepero odicipit venem ius, unt etur?

Agnati veres seque coritemolum lique reiciendis et prehendan-
dam resti idebiscilia veri res eos non nosa que peristrum aut
velessum ius, sunt dolupta tecaborio. Rum que landae volori



ACSA 113th Annual Meeting: Repair | March 20-22,2024 | New Orleans, LA

occus sequis nest odiae. Git volorpo ruptatem nam, sit untotata-
mus cor mo inis eum velesse quodicipsam, nonet il main rerspit,
qguunt acit occuscit lit andel es re rectur? Fernate eaquisci tem
digende mporum facipsu ndamet hictis dit ommos eaquiatectus
premperis am, officium eium sererem voluptat odi andunt ipsum
nonseri tissunt dolupturis maxim rem fugiatur?

Cata conestiorere vellaut ulparum ut lique laccus et volum ven-
daeritat aut ea simporepuda voloriatures resed ut ut volupti
beates ex et quo incid et rem earuptatis minvellendit qui reris pli-
tate pro est, nem as moloria quam, odipisque volupta namusape
pratem untis aspedic te voluptas estisquo volum sequi quatur?

Arum et eate nonsedi tamus, aut maio doluptature prati do-
loremquias que periber ehendit am, tempore mporem volor
aut ut quas excearum ex excepro temporum, odita consende ad
eum qui odi tem qui ne ea veruntissime siminvel ipsant mos andit
pro quiatiis voloresci tenihit restiissus non eostorernati dolora
cullabo. Udit aut voloressin earcidelias aut acea dolest, quame
nostis vendem. Itaquiducit vendign imenis et hil idelectio. Rit
am nis cum es et dolum susdaerrum res dolorepror aut apiciatia
excea plitio officidem sequam andero volessimus sitintu rionem
ea cuptatium quia inim quodia cus.

Temperum si cum volorum quisitibus, as qui quam ressim eture
lab inctestrum que expligenient re od molupti oratem audandi
aspelis quatque dolum repudit omnimusandis nienim vent om-
modi utaquibus doluptatur amet laut rem rerum eum nis arum
aut eiur, esto bernataspero quat.

m rehenih ilitis aut et lit ea del ipsam quodis etusape rchillaboria
eum ius debis sum quae. Itas nectemo luptia sum doluptatem ut
od quo dolut volest autem solorem ea et ut doloraectur?

Anim que laborum adi con reribus sae corrore iumqui int pe-
reicia dolupta sitium restibus quo odit quisquam facimus, cum
dundict ureptur maxim iditio quis utam, sinvel expe sitem ea pos
as magnist, tem aliciis ipit, vernatem alicit, comnim quos et imus
estiunt re nobit poriori buscit la delescit rerspelitae magnatio-
nem nonsequamus, quat.

Add italics to the body paragraph by going to Character Styles
and selecting Body lItalics. Inimus, nihil moluptas aut re nonsedi
ostem. Quo blabora ectotaest et alita iur?

Imet volupta quametur min exeribus ut volo que doluptur? Quis
ab ipsam veliquiat hitiatum et eum quid quodipid ut hariati
atatur? Quia con num fugitatur maio moditias quas everciis int
eost eaquunt as aperibus et eicat erati nonest ea corpore estem
guam quodit que nis essequate ium fugias exceatet eos aut do-
lupid quidelit, et que si audae voluptu sdaepellabor reium fugit,
necae volescit magnam hillece providusam seroris exerro dolut
maximus et quos et volland usciaerum volupta ssinull upturibus.
Inimus, nihil moluptas aut re nonsedi ostem. Quo blabora ecto-
taest et alita iur

13

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)
[06_Main body text] Highlight and delete this text, paste your
textin then use the character styles to alter the styles to Section
Titles, Body Text with Italics, quotes, and endnotes. Maecenas
sagittis metus urna, quis gravida dui ullamcorper ac. Suspendisse
eleifend hendrerit erat, eget tempor libero suscipit et. Nunc
scelerisque convallis massa, quis suscipit lorem fermentum eu.
Duis dignissim pharetra vulputate. Suspendisse quis gravida
dolor, vitae commodo orci. In dictum sem ut aliquam semper.
Cras imperdiet et diam in luctus. Nullam porta lectus non vehic-
ula scelerisque. Donec efficitur, elit hendrerit sagittis sagittis, est
arcu dignissim lectus, eget bibendum enim arcu sodales nunc.
Vestibulum lacinia, tellus a vulputate pharetra, lacus est tincidunt
massa, eu maximus ipsum nulla nec diam. Proin ac hendrerit
turpis. Sed ac molestie lacus.

Ut facipidunt, utendandist quis etur aspici dia vellest eatur maio.
It ent, sim que am vellam quibus reped quatibusciam laboria
dero que volore non natioratur, consedis doluptate vello eos et
volutas conseceatem quis a cus re repedit doluptias voluptat
faceari aessequam aceritatur, conesto occus, volorrum enet
guam acearunt aut quas simoles cimaxim olupta eaquibusda
quos et ipsam, voloresequas qui offic tempore, utem vent es-
equunt odi sam aut ut et ut plit, inctatg uatem. Nam, que con
ressite nat delia conecum non cupid ma corem qui quist doles
aturepudae. ltatasiment init omni dior aut utem. Et litibus eatus
ilibuscillant ut que natias expedi dicipsuntiis endia sam faciatque
vitaque doluptat voluptaque parum qui aut la con renihiciunt
aut vellatus conem ipsae in eaque eatiusdandi int millessi nis et
odist audicius sunt ipsae vendellaut pa conet ant facid exerorp
orporitat ad etur, qui dis ma dolupic iandionectia vit assunt, sit,
tem autemporum abo. Ut fugit audi volo consectasped magna-
tinis voluptatur? Quia int ipsapicia dolorep udandeles molore,
suscium conecae etur mod qui consequi ulluptat rescidis dellita
cullace rferemo digendu cimus, occum re quodicae es maiosan-
del mi, adicias dolumquam fugitae aspelitasped minvernatiur
rersped et alibus dolorest utem quiducit et ut fugit, sequos
dolenda dolore quia aliqguamet alique prem illeceped quianim
poratetur solorporro velitas iminime nditatur?

Ugit ad ma commodis eture aut que nobitis minvenihil magna-
tia saectia endipsapide pedi omnisitiume sum vendam et estem
ipsanti doleni od ulpa nobistium cuptia quatur, corem repel ex-
peliqui vitae velest, que nonsedictur? Quid que res re evenien
disque dolorecus aut laborum et facerum enis est aliae accus, sit
optus erat as autat int volorerion pelenimet pelleca tectur, sus
de poreper ferferum quis aut ipsustibus aut hil et a id que dem
enimagn imperatemped modiscieniet quae sum adi derro im
sum harchicte latusam nient vellore di ullendunt et quo optatur,
tem exera is aut verferum rerum la di consent fugiatur, culpa
et offic tem rerum quame sime porestias earchil itatur? lhiliqu
asimpor aut libus, autectur?

Rumquis endigendam doles estrum antiis que mod quo ea ant.




14

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)

Bis plaboribus. Is eatinvelles doluptature non cuptatem re prae
millit et endae volest, odignam id quuntibus atecae laccae. Turia
velitiis nonsed que laut eaquosa voluptatior mint eaquia aut
everspiciam iderrum doloremposam quo blaceatatias earci as
magnam, quos ea sum qui con experup tatiame volupta tion-
sequo dolorem faccum eum asperum que que sinvenisit laut
veliate molorernam faceptata ius eum dio omnitiat optatatiam
restia volenita sae. Nam, cus cone vel moloreium harivel etus cus
estrunt pel molo cumaqui assima incienis adiam quassus.

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)
Ehenet ma dolorer cipsam, evelibus mo offic te verest occab
ipsapis accus dolorionsed quiati aci conseni molenti oreperit,
imaio dolent aut laboriorpore apicid quis que pa qui officab
orione nonsequo ipsum exces estorum ipsaeptat veri consequo
venderione volorita nim quidunt, conectem illa cor molorem
cori velenih illatem enia cullani ipis eatur? Quis ea et aut om-
modit fugiatu sciate nonsent, commolupid ex endisque alique
nosam repelique estio optatiisi duciisque reiciaerit ullanihillam
aut lignat aut et repudandus, omniet eostio to ommoluptatur
sum volum cores dem volesequidus sin poribusdam, corerum
dolori blat aut ea quia iusciis reicia volore dis simi, qui corrum
guam quam qui blant, nobis archici nihictur?

Id que aliquae. Il ium quundunt alitatis estiist illam verum non-
sequ atiur, od evelis nis aped ullitiae iminvero eossit aborecti
berumillaut a plam, untior as es molorro cuptinime nulpailigenis
eum fuga. Beariam rerovidunt, corest exersperi ditiorro consec-
tusda consendam rercidebis accab iliquodit at omniendit evendis
dolo velestia quos que que cus cus porrum etur si aut dolupta-
tiunt ommolorero ipieni dipsa conseque is ducient aut dolupti
aliguam ea comnitas ditiunt doluptis cor modit parum nimpelent
eium doluptio modigendi dolum fugiae eos dero consento om-
nitag uuntiorepe posae sint ad ulles vernatem quamet autatia
volore del eum voloribusam ut es eum faccatis dolorpost odit
ut quassum quam quiae re praes etusdae. Onsequi dolestrum
faciur, con eicium quatur atquatqui accus renihil ignamus, sa ni-
hilist aut volorepratur sitamuste voluptae volorum quatur audis
repe volorem in rest que sita voleseque omnistiosam que rem
iur as istet as rerores qui deritem quaspelit aut ut omnis aut et
et od quos eium volorep taquati nobit, unt, abo. Ota delis anti-
assi berchit qui doluptiasped moluptasiti sectiossi con rehendi
ciamet ea everspiet et el int.

Mincia peribusam dolore volestionem et adit hil ilit ex eum rae
rerspis de et dero del id quas solestem vellab ium dolorrorio
bea a solo il isit est et et volute non niscipsande perit utaera is
dolupta dolest quam im verspero moles doluptis moluptatqui
cus, temquia dendand uciisti ut exces dolentu riorio que voluptio
vellor aut adis voluptaquae reperorundam aut aut et oditam,
con nobit, sequunt harum quis illupic tem. Explabor alia iur aut
doloris quam eos excea vit dolorepe aut ut rae. Ebis ma id quis
dem facessimin nobis doles doluptat.

Paper title to be inserted on master page

[liquis ipsus. Pudae ea non eossuntiunt.

Ditiusa vendaepere noneculpa vellabo ruptatium, officabo.
Et mos quibusa pitiatem ut et aut erchitias intempe rcilis
nonseque vollibus.

Bor as demquid ellaut asitatist, venectotate lis ipis dignisit dolor-
rovid earciant quam sam sunt etum ratur alit quibusd aectatur,
consectam, tessus accum landucit earciis asitis sunte sum el-
litaguo que net, con con nulparum quo blabo. Et faci voloreh
endicia nate similignatem aut que seriam arume optatiusape
pe eium dolorporecum doluptusanda volorio. Nequaepro et,
cus autet ut pa aut utem quatium fugiaepuda consequam eos
verum ipsam quiae dusante sit milit, assi solorepro ea numet
dolor maios es por sustem unt quam doloribus solutem lab ipidi
vid quatem es ese aces sit, illite cum vitatiberia sequaer epernam
exerum fugitistio temquisiti coriatia soloribere ma at voluptae
doluptatem volorepelic tempel modicta temguam quod maior
modis ad eos et, consequatur sitaturit explant emporior sapid-
untur sit ut occum, ullit lacipsa ndemolu ptatur modiore hendis
pore verae esequi ullanit atquam et enissita saestem venet
ute maiorepelici blant quis duntia num quatemporem nimus
velenim inctestium fugiam eat rerepel itatem reheniscil mod
qui volut asim dem qui conet verum isque paribust, si cumquia
con re nullupt atquaspit aspident qui dendi od es eostibusam
quaepero torunt adipsandem sumqguam endaeri aut aliquae
prorest rumgquatis in re od enditia sus sunt am solorro de vole-
nis vent, sumende pro quam sento iur ma as ea que voluptae.
Nam rem quia commolo rumqui dus molo tem re sequia aliti
volupta turepe sit lignam acea eroribus, que dem voluptatibus
asperum sunt endi sin con nonsequ atiusciistia illa volupitatum
quideli busapiciet ex estiis acepuda volorem explitem diciur si
consequibusa diti quatusdam, con poris simet et exeruntiumet
voluptas voluptate prem volum ut pero ium es sum fugia nos
aut est most, quiatur alita cupta consedit, ut eum sunt quatemo
lendel moloresto es dit, se voluptiis quos escienia volent quos-
tiu ntiant fugiant eos atentiust expe natqui aut landae quam
quas natusci psapicto te ea am, ullictis voluptate laudicipsum
nestiam ex earum qui cum que landunt voluptatur? Qui dem.
Utemodit andigenis sa parum essi dem quibero rerum, optatus
et ullaboritem velibus aceatemperum cumaque serroreribus eri
ari dolorem rem. Nam experent maiossinci quame in conseni
taturit, consequas quo temo volor abo. Quassitat restrunt modio
ommoloridolor sae. Nam que voluptiorro mostrum re eum utem
evellandit repratem vel molorepre cusandenis adignimin recus
andunt, voles sisant aliquate omnissed que inctassit et ut excere
id maximod itaquature ipsum quisqui necta di incias repernam,
quaepedit lamus, quuntum facessequia comnis con niasperspiet
ut ullitius quatemp orestius molum que lit audipis quia et ea cus
et fugitis con cus, tem nis et di od ulluptatium eles mincte cus
sundit expera doluptatur sit officidus is est, cullut est ese non-
sequi reiusda ndunt, acimus eatque sim alis del ipsape quissitia
parumquiatat ea vel illuptat aut eosapelit offic tes incid most
vitatur? Qui unti alignimo dicitet, invelenis non consenda eosto
blaboreic te quam ende cullore ritates tiorend essinciet estiorum



ACSA 113th Annual Meeting: Repair | March 20-22,2024 | New Orleans, LA

libusdanto tem serspel is rehende sinvenis molupid et volupta
tionsequiae. Lendam vendio. Iciliqguam dento magnati usamus
consent volo ipicia videlig uiducit asimaion poriorume nobis
etum nossimi nvenihitaque niatibust, esti si ullessim repre la ni-
musae conecerferes corepti busantiur ab ipsum eate porepuda
ventius, qui undit expliqu odipsae ma qui doluptur reperaturis
sanduscium dolupta tiorum deliquam ipitiam, odisit, cumquam,
ipitemp oreptat liti sinum, vit pra volor a velessum hil inimus,
officiatust, te et qui net id que nis entusam, omnihil ium cus,
sit andae nullut ea et ped mos apidici llibus ducimos sincient
eliquodi consed eumquia speratus miniaeroviti conesequia ali-
ciis est, omnis ped quis adion pra eum ipsam nonsent, veraepe
[lenimus sum utaquia di dolut et esendam, qui id quatem la cus
et re ad qui ad quate prestem rerianihit alit, quo is explanim ea
commo ilibusa vollorerum consernate cum aligni sumquam, es
et fugiam nonsed quam eossitat as aut exerunt.

Ducide nimo te simperibus ea ni dolupta tatures eum nate cus
imillenessum quam doluptatiur secte quibus, inus ea sum lant
a que velitiscia quias aditatur? Od que nosamus, viduciatae la
venimus ex et es exerem. Nem est pedisincia eaquae rat quis
nimaximaxim et aut adi oditat.

Nam quo offic tore cullabo. Net laboritisi occae ne cume seru-
metum, ipicimo ditisit evenditis esti remolorro quaesto volorum
fugita que cuptasp erferionsent alisit endae nullatu reius, sunt
ad ut minctate officim sequam venet rerspiet harum et officto
is consect uribusc ilique qui ut esti dis dolo optatem voluptat.

Antium fugitatem hil ipic temoluptas modis nam, tet faccabo
rempore roribea rchilla voloruptum ut omnit, sam faces sus volo-
rion rem sus, solor aut quas accaeca tusam, nimus, quod quatur,
audictibusda dis sim estintum amet vendempor aspero mos et,
nis dolores dolo es audi velessini odis eatemquis illaut eos et
molo ipsam doluptatus sollate nimo in rem simendiam rehenih
ilitis aut et lit ea del ipsam quodis etusape rchillaboria eum ius
debis sum quae. Itas nectemo luptia sum doluptatem ut od quo
dolut volest autem solorem ea et ut doloraectur?

Anim que laborum adi con reribus sae corrore iumqui int pe-
reicia dolupta sitium restibus quo odit quisquam facimus, cum
dundict ureptur maxim iditio quis utam, sinvel expe sitem ea pos
as magnist, tem aliciis ipit, vernatem alicit, comnim quos et imus
estiunt re nobit poriori buscit la delescit rerspelitae magnatio-
nem nonsequamus, quat.

Add italics to the body paragraph by going to Character Styles
and selecting Body lItalics. Inimus, nihil moluptas aut re nonsedi
ostem. Quo blabora ectotaest et alita iur?

Imet volupta quametur min exeribus ut volo que doluptur?
Quis ab ipsam veliquiat hitiatum et eum quid quodipid ut hari-
ati atatur? Quia con num fugitatur maio moditias quas everciis
int eost eaquunt as aperibus et eicat erati nonest ea corpore
estem quam quodit que nis essequate ium fugias exceatet eos

15

aut dolupid quidelit, et que si audae voluptu sdaepellabor reium
fugit, necae volescit magnam hillece providusam seroris exerro
dolut maximus et quos et volland usciaerum volupta ssinull
upturibus. Inimus, nihil moluptas aut re nonsedi ostem. Quo
blabora ectotaest et alita iur

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)
[06_Main body text] Highlight and delete this text, paste your
textin then use the character styles to alter the styles to Section
Titles, Body Text with Italics, quotes, and endnotes. Maecenas
sagittis metus urna, quis gravida dui ullamcorper ac. Suspendisse
eleifend hendrerit erat, eget tempor libero suscipit et. Nunc
scelerisque convallis massa, quis suscipit lorem fermentum eu.
Duis dignissim pharetra vulputate. Suspendisse quis gravida
dolor, vitae commodo orci. In dictum sem ut aliquam semper.
Cras imperdiet et diam in luctus. Nullam porta lectus non vehic-
ula scelerisque. Donec efficitur, elit hendrerit sagittis sagittis, est
arcu dignissim lectus, eget bibendum enim arcu sodales nunc.
Vestibulum lacinia, tellus a vulputate pharetra, lacus est tincidunt
massa, eu maximus ipsum nulla nec diam. Proin ac hendrerit
turpis. Sed ac molestie lacus.

Ut facipidunt, utendandist quis etur aspici dia vellest eatur maio.
It ent, sim que am vellam quibus reped quatibusciam laboria
dero que volore non natioratur, consedis doluptate vello eos et
volutas conseceatem quis a cus re repedit doluptias voluptat
faceari aessequam aceritatur, conesto occus, volorrum enet
guam acearunt aut quas simoles cimaxim olupta eaquibusda
quos et ipsam, voloresequas qui offic tempore, utem vent es-
equunt odi sam aut ut et ut plit, inctatg uatem. Nam, que con
ressite nat delia conecum non cupid ma corem qui quist doles
aturepudae. ltatasiment init omni dior aut utem. Et litibus eatus
ilibuscillant ut que natias expedi dicipsuntiis endia sam faciatque
vitaque doluptat voluptaque parum qui aut la con renihiciunt
aut vellatus conem ipsae in eaque eatiusdandi int millessi nis et
odist audicius sunt ipsae vendellaut pa conet ant facid exerorp
orporitat ad etur, qui dis ma dolupic iandionectia vit assunt, sit,
tem autemporum abo. Ut fugit audi volo consectasped magna-
tinis voluptatur? Quia int ipsapicia dolorep udandeles molore,
suscium conecae etur mod qui consequi ulluptat rescidis dellita
cullace rferemo digendu cimus, occum re quodicae es maiosan-
del mi, adicias dolumquam fugitae aspelitasped minvernatiur
rersped et alibus dolorest utem quiducit et ut fugit, sequos
dolenda dolore quia aliqguamet alique prem illeceped quianim
poratetur solorporro velitas iminime nditatur?

Ugit ad ma commodis eture aut que nobitis minvenihil magna-
tia saectia endipsapide pedi omnisitiume sum vendam et estem
ipsanti doleni od ulpa nobistium cuptia quatur, corem repel ex-
peliqui vitae velest, que nonsedictur? Quid que res re evenien
disque dolorecus aut laborum et facerum enis est aliae accus, sit
optus erat as autat int volorerion pelenimet pelleca tectur, sus
de poreper ferferum quis aut ipsustibus aut hil et a id que dem
enimagn imperatemped modiscieniet quae sum adi derro im
sum harchicte latusam nient vellore di ullendunt et quo optatur,




16

tem exera is aut verferum rerum la di consent fugiatur, culpa
et offic tem rerum quame sime porestias earchil itatur? lhiliqu
asimpor aut libus, autectur?

Rumquis endigendam doles estrum antiis que mod quo ea ant.

Omni reprera verum, sincto consedi nim quia delictis magnati
usaecus, utatum deni cuptatempor acculliberum facea quuntis
voloruntion eario. Esti blaut eos alia est latiati storesti te quasse-
quidi optist et hillupictem vercit es inimet andaesed quat litem
imporaectur adis qui comnienector antes voles resseque omnis
des alitis voluptataqui simillore nulpa velit qui tem. Ignis modisint.

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)

Bis plaboribus. Is eatinvelles doluptature non cuptatem re prae
millit et endae volest, odignam id quuntibus atecae laccae. Turia
velitiis nonsed que laut eaquosa voluptatior mint eaquia aut
everspiciam iderrum doloremposam quo blaceatatias earci as
magnam, quos ea sum qui con experup tatiame volupta tion-
sequo dolorem faccum eum asperum que que sinvenisit laut
veliate molorernam faceptata ius eum dio omnitiat optatatiam
restia volenita sae. Nam, cus cone vel moloreium harivel etus cus
estrunt pel molo cumaqui assima incienis adiam quassus.

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)
[06_Main body text] Highlight and delete this text, paste your
textin then use the character styles to alter the styles to Section
Titles, Body Text with Italics, quotes, and endnotes. Maecenas
sagittis metus urna, quis gravida dui ullamcorper ac. Suspendisse
eleifend hendrerit erat, eget tempor libero suscipit et. Nunc
scelerisque convallis massa, quis suscipit lorem fermentum eu.
Duis dignissim pharetra vulputate. Suspendisse quis gravida
dolor, vitae commodo orci. In dictum sem ut aliquam semper.
Cras imperdiet et diam in luctus. Nullam porta lectus non vehic-
ula scelerisque. Donec efficitur, elit hendrerit sagittis sagittis, est
arcu dignissim lectus, eget bibendum enim arcu sodales nunc.
Vestibulum lacinia, tellus a vulputate pharetra, lacus est tincidunt
massa, eu maximus ipsum nulla nec diam. Proin ac hendrerit
turpis. Sed ac molestie lacus.

Ut facipidunt, utendandist quis etur aspici dia vellest eatur maio.
It ent, sim que am vellam quibus reped quatibusciam laboria
dero que volore non natioratur, consedis doluptate vello eos et
volutas conseceatem quis a cus re repedit doluptias voluptat
faceari aessequam aceritatur, conesto occus, volorrum enet
quam acearunt aut quas simoles cimaxim olupta eaquibusda
quos et ipsam, voloresequas qui offic tempore, utem vent es-
equunt odi sam aut ut et ut plit, inctatq uatem. Nam, que con
ressite nat delia conecum non cupid ma corem qui quist doles
aturepudae. ltatasiment init omni dior aut utem. Et litibus eatus
ilibuscillant ut que natias expedi dicipsuntiis endia sam faciatque
vitaque doluptat voluptaque parum qui aut la con renihiciunt
aut vellatus conem ipsae in eaque eatiusdandi int millessi nis et
odist audicius sunt ipsae vendellaut pa conet ant facid exerorp
orporitat ad etur, qui dis ma dolupic iandionectia vit assunt, sit,

Paper title to be inserted on master page

tem autemporum abo. Ut fugit audi volo consectasped magna-
tinis voluptatur? Quia int ipsapicia dolorep udandeles molore,
suscium conecae etur mod qui consequi ulluptat rescidis dellita
cullace rferemo digendu cimus, occum re quodicae es maiosan-
del mi, adicias dolumquam fugitae aspelitasped minvernatiur
rersped et alibus dolorest utem quiducit et ut fugit, sequos
dolenda dolore quia aliqguamet alique prem illeceped quianim
poratetur solorporro velitas iminime nditatur?

Ugit ad ma commodis eture aut que nobitis minvenihil magna-
tia saectia endipsapide pedi omnisitiume sum vendam et estem
ipsanti doleni od ulpa nobistium cuptia quatur, corem repel ex-
peliqui vitae velest, que nonsedictur? Quid que res re evenien
disque dolorecus aut laborum et facerum enis est aliae accus, sit
optus erat as autat int volorerion pelenimet pelleca tectur, sus
de poreper ferferum quis aut ipsustibus aut hil et a id que dem
enimagn imperatemped modiscieniet quae sum adi derro im
sum harchicte latusam nient vellore di ullendunt et quo optatur,
tem exera is aut verferum rerum la di consent fugiatur, culpa
et offic tem rerum quame sime porestias earchil itatur? lhiliqu
asimpor aut libus, autectur?

Rumquis endigendam doles estrum antiis que mod quo ea ant.

Omni reprera verum, sincto consedi nim quia delictis magnati
usaecus, utatum deni cuptatempor acculliberum facea quuntis
voloruntion eario. Esti blaut eos alia est latiati storesti te quasse-
quidi optist et hillupictem vercit es inimet andaesed quat litem
imporaectur adis qui comnienector antes voles resseque omnis
des alitis voluptataqui simillore nulpa velit qui tem. Ignis modisint.

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)

Bis plaboribus. Is eatinvelles doluptature non cuptatem re prae
millit et endae volest, odignam id quuntibus atecae laccae. Turia
velitiis nonsed que laut eaquosa voluptatior mint eaquia aut
everspiciam iderrum doloremposam quo blaceatatias earci as
magnam, quos ea sum qui con experup tatiame volupta tion-
sequo dolorem faccum eum asperum que que sinvenisit laut
veliate molorernam faceptata ius eum dio omnitiat optatatiam
restia volenita sae. Nam, cus cone vel moloreium harivel etus cus
estrunt pel molo cumaqui assima incienis adiam quassus.

SECTION HEADER (APPLY 05_SECTION TITLE STYLE)

[06_Main body text] Highlight and delete this text, paste your
textin then use the character styles to alter the styles to Section
Titles, Body Text with Italics, quotes, and endnotes. Maecenas
sagittis metus urna, quis gravida dui ullamcorper ac. Suspendisse
eleifend hendrerit erat, eget tempor libero suscipit et. Nunc
scelerisque convallis massa, quis suscipit lorem fermentum eu.
Duis dignissim pharetra vulputate. Suspendisse quis gravida
dolor, vitae commodo orci. In dictum sem ut aliquam semper.
Cras imperdiet et diam in luctus. Nullam porta lectus non vehic-
ula scelerisque. Donec efficitur, elit hendrerit sagittis sagittis, est
arcu dignissim lectus, eget bibendum enim arcu sodales nunc.
Vestibulum lacinia, tellus a vulputate pharetra, lacus est tincidunt



ACSA 113th Annual Meeting: Repair | March 20-22,2024 | New Orleans, LA

massa, eu maximus ipsum nulla nec diam. Proin ac hendrerit
turpis. Sed ac molestie lacus.

Ut facipidunt, utendandist quis etur aspici dia vellest eatur maio.
It ent, sim que am vellam quibus reped quatibusciam laboria
dero que volore non natioratur, consedis doluptate vello eos et
volutas conseceatem quis a cus re repedit doluptias voluptat
faceari aessequam aceritatur, conesto occus, volorrum enet
quam acearunt aut quas simoles cimaxim olupta eaquibusda
quos et ipsam, voloresequas qui offic tempore, utem vent es-
equunt odi sam aut ut et ut plit, inctatq uatem. Nam, que con
ressite nat delia conecum non cupid ma corem qui quist doles
aturepudae. ltatasiment init omni dior aut utem. Et litibus eatus
ilibuscillant ut que natias expedi dicipsuntiis endia sam faciatque
vitaque doluptat voluptaque parum qui aut la con renihiciunt
aut vellatus conem ipsae in eaque eatiusdandi int millessi nis et
odist audicius sunt ipsae vendellaut pa conet ant facid exerorp
orporitat ad etur, qui dis ma dolupic iandionectia vit assunt, sit,
tem autemporum abo. Ut fugit audi volo consectasped magna-
tinis voluptatur? Quia int ipsapicia dolorep udandeles molore,
suscium conecae etur mod qui consequi ulluptat rescidis dellita
cullace rferemo digendu cimus, occum re quodicae es maiosan-
del mi, adicias dolumguam fugitae aspelitasped minvernatiur
rersped et alibus dolorest utem quiducit et ut fugit, sequos
dolenda dolore quia aliqguamet alique prem illeceped quianim
poratetur solorporro velitas iminime nditatur?

Ugit ad ma commodis eture aut que nobitis minvenihil magna-
tia saectia endipsapide pedi omnisitiume sum vendam et estem
ipsanti doleni od ulpa nobistium cuptia quatur, corem repel ex-
peliqui vitae velest, que nonsedictur? Quid que res re evenien
disque dolorecus aut laborum et facerum enis est aliae accus,
sit optus erat as autat int volorerion pelenimet pelleca tectur.

17




