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ACCREDITATION, CERTIFICATION, AND
ADMINISTRATIVE

Wednesday | 1:30 PM | Directors 3

Toward Safer Construction of Roads and Bridges: A Review
of Hazards, Strategies, and Technologies

Dr. Sharmin Kader, Ball State University; Sherif Attallah, Ph.D.,
Associate Professor Associate Chair - Department of
Construction Management and Interior Design

Construction safety remains a critical concern in civil engineering,
particularly in road and bridge infrastructure projects, which are
often characterized by complex logistics, high-risk working
environments, and exposure to live traffic conditions. Despite
ongoing advancements in construction technologies and
regulatory enforcement, the industry continues to report high
rates of occupational injuries and fatalities, particularly in heavy
civil sectors. The primary objective of this study is to identify key
construction safety considerations for road and bridge projects
through a systematic review of existing literature. By synthesizing
findings from peer-reviewed journals, industry reports, and
regulatory documents, this research seeks to develop a
comprehensive understanding of common hazards, effective
mitigation strategies, and emerging best practices in safety
management.

The literature reveals that safety considerations in road and
bridge construction span several domains, including physical site
conditions, worker behavior, organizational safety culture,
regulatory compliance, and the integration of emerging
technologies. Bridge construction poses particular risks due to
activities at height, work over water, formwork failures, and
lifting operations involving heavy structural components. Road
construction, on the other hand, often involves night work,
confined work zones, moving equipment, and live vehicular
traffic—all of which require stringent traffic control plans and
visibility measures. In both contexts, hazard identification and
risk assessment (HIRA) are foundational tools for safety planning
and execution (Zhou et al., 2015).

The review highlights the increasing role of technology in
enhancing safety performance. Building Information Modeling
(BIM) has been cited as a tool for improving pre-construction risk
visualization and safety planning, while wearable sensors and
real-time monitoring devices are gaining traction in field-level
hazard detection and worker protection (Chi et al., 2012). Drones
and remote sensing technologies are also being adopted for site
inspections and progress monitoring, reducing the need for
workers to operate in high-risk areas. However, the literature
cautions that technological solutions must be supported by
proper training and integration into existing safety management
systems to be truly effective.

Equally emphasized in the reviewed studies is the role of
organizational culture and leadership in promoting safe work
environments. A proactive safety culture—characterized by open
communication, regular training, employee involvement, and
strong management commitment—has been consistently
associated with reduced incident rates (Hinze et al., 2013).
Regulatory frameworks, such as OSHA guidelines in the U.S. or

international equivalents, provide a baseline for compliance, but
the literature argues that compliance alone is insufficient. A shift
toward continuous improvement and behavior-based safety
models is necessary for long-term gains in safety performance.

In conclusion, the literature points to a multi-dimensional
approach to safety in road and bridge construction,
encompassing technical, managerial, and behavioral strategies.
This study contributes to the ongoing discourse by consolidating
diverse insights into a structured framework for safety
considerations in infrastructure projects. The findings may inform
future research, safety training programs, and policy-making in
the construction industry.

ACCREDITATION, CERTIFICATION, AND
ADMINISTRATIVE

Thursday | 1:00 PM | Directors 3

ATMAE Accreditation: A Springboard into the Features,
Benefits and Value of a Graduate Technology Program for
Non-Traditional Learners.

Dr. Joseph Joyce, Eastern Michigan University

Accreditation of graduate technology programs, particularly
those serving non-traditional students, can enhance educational
quality and improve job market outcomes. This study evaluates
the impact of accreditation on program effectiveness, student
satisfaction, and career advancement, highlighting the unique
challenges and benefits faced by non-traditional learners. This
research is used to assist in measuring the quality of education
delivered by higher education institutions and such technology-
focused graduate degree programs. Quality or value, is an
important indicator in presenting the value of graduate degrees
to those outside of academia, especially for non-traditional
students within the external professional, industrial world.
Accreditation authorization, known as the review and
endorsement procedure of this quality measurement process, is
handled by a number of accrediting bodies. In the U.S., ATMAE, a
non-profit, non-governmental industry association is recognized
as a leading organization accrediting higher education degree
programs in Technology fields globally. This paper aims to
provide an in-depth overview of this value of ATMAE
accreditation from the perspective of graduate technology
degree programs.
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ACCREDITATION, CERTIFICATION, AND
ADMINISTRATIVE

Thursday | 2:00 PM | Directors 3

Expansion of a Fast-Track BS+MS 4+1 Technology
Management Curriculum to the BAAS Degree

Dr. Jason Davis, East Texas A&M University; Dr. Burchan Aydin,
East Texas A&M University; Dr. Perry Moler, East Texas A&M
University

The Technology Management programs at a US regional
university recently responded to a call to expand the scope of a
newly implemented Fast-Track BS+MS 4+1 curriculum to enable
students in its Bachelor of Applied Arts and Sciences —
Technology Management (BAAS-TMGT) program to take
advantage of a similar accelerated option. The resulting program
will provide the opportunity for eligible undergraduate students
in the BAAS program to experience a seamless transition from
their undergraduate program into its corresponding graduate
program. This new program variation is expected to enhance
marketing ability and encourage more students in the
Community College to University pipeline to continue their
academic journey through a graduate degree.

The ability to utilize designated courses for both the
undergraduate and graduate degrees provides a seamless bridge
into the master’s program and provides a greater return on
investment for students opting to pursue the combined Bachelor
of Applied Arts and Sciences and Master of Science degree
program. This strategic integration of curriculum provides
students with an opportunity for financial savings and an
accelerated path to program completion. The presentation will
provide the audience with a description of the process
undertaken to devise and implement this transitional curriculum
for the Fast-Track BAAS+BS as well as provide a progress report
on the ongoing implementation of the new Fast-Track BS+MS
Program. Questions and comments from the audience are
encouraged to facilitate a richer discussion. Major points to be
addressed include:

e  Primary goals of the integrated program.

e  Factors considered, challenges faced, and solutions
implemented.

e Additional advantages available to participating students.

e Considerations for course selection and scheduling at the
undergraduate, transitional, and graduate phases of the
program.

e  Progress made toward, and lessons learned from, the
recent implementation of the BS+MS program.

e Attendees can draw from the experiences of the
implementing department to inform the development of
similar models for enhancement for their own programs.

ACCREDITATION, CERTIFICATION, AND
ADMINISTRATIVE

Thursday | 2:30 PM | Directors 6

Assessment is Not Grading: A Process for Evaluating Student
Learning

Monique Bracken, University of Arkansas Fort Smith; Dr.
Kristen Tardiff, University of Arkansas Fort Smith; Dr. Kiyun
Han, University of Arkansas Fort Smith

Accreditation and quality improvement are fundamental to the
success of academic institutions, and assessment plays a key role
in both. Effective course-level assessment processes help meet
accreditation standards and directly enhance the quality of
teaching and learning outcomes. This presentation will focus on
the importance of structured, consistent assessments at the
course level, providing practical strategies to engage faculty and
improve their assessment practices for greater effectiveness.

This presentation will present a systematic approach to making
course-level assessment more manageable and impactful. We
will examine the distinction between assessment and grading,
focusing on how assessment can enhance student learning
outcomes. A course assessment cycle will be introduced as a
practical tool for instructors to evaluate and refine their courses.
Additionally, we will highlight the benefits of self and peer
assessment in higher education, drawing on research to support
its value. We will also demonstrate how integrating assessment
into course design can provide significant advantages to both
instructors and students.

This presentation will offer a practical framework for
implementing a consistent and effective course assessment
process. By introducing an assessment cycle and providing
actionable strategies for its application, instructors will be better
equipped to monitor student progress and align their teaching
strategies with institutional objectives. This approach aligns with
research that shows the positive impact of formative assessment
practices in higher education.

Learning Outcomes for Presentation Attendees

e Differentiate between assessment and grading.

e Understand the role of assessment in enhancing teaching
quality and student learning outcomes.

e Develop strategies to align course activities with desired
learning outcomes.

e  Explore methods for creating a manageable, rotating
assessment process.

This presentation will provide valuable insights for instructors,
offering a practical approach to improving assessment practices
and fostering better student learning outcomes. By streamlining
course-level assessment, we aim to increase faculty engagement
and contribute to the overall improvement of educational
quality.
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ACCREDITATION, CERTIFICATION, AND
ADMINISTRATIVE

Friday | 10:30 AM | Directors 6

Capitalizing on Cross-disciplinary Curricular Options to
Customize and Strengthen a Graduate Technology
Management Program

Dr. Jason Davis, East Texas A&M University

The Technology Management program at a US regional university
employs a novel means of offering versatility and
multidisciplinary credentialing opportunities in its Master of
Science degree program. The faculty on the program committee
examined certificates and minor options offered by programs
throughout the university’s colleges and identified options that
could complement their major students’ courses of study and
assist them in pursuing or advancing their careers in targeted,
technology-intensive fields. The exercise resulted in the
identification and adoption of a pre-approved list of existing
curricular options throughout the university that could be used
to satisfy the elective block on the degree plan of the Master of
Science Degree in Technology Management.

The presentation will provide the audience with a description of
the process undertaken to identify appropriate elective program
options and facilitate their inclusion in the graduate Technology
Management Degree curriculum. Audience interaction is
encouraged to facilitate a richer discussion. Major points that
will be addressed include:

e  Primary goals of integrating cross-disciplinary options into
the graduate program.

e  Process of evaluation and considerations in selecting
appropriate curricular options.

e Advantages afforded students and the department by the
expansion of elective inventory.

e  Consideration of challenges and related factors.

e Examination of the implementation process and examples
of implementation in practice.

Attendees can draw from the experiences presented to inform
their development of similar models for the enhancement of
their own programs.

to support strategic planning. The EFQM model is structured into
nine main criteria: five Enablers criteria (leadership, strategy,
employees, partnerships & resources, and processes) and four
Results criteria (employees, customers, society, and key
business), each assessed independently and jointly with a total
score of 1000 points. Enablers criteria are weighted at 10% each,
while customer-related and key results criteria at 15% each, and
employee-related and society-related results criteria at 10%
each. The study employed quantitative method for results or
performance metrics and qualitative method for enablers. The
quantitative method included hypothesis testing of target vs
performance metrics using paired t-test. The qualitative method
included the RADAR (Results, Approach, Deployment,
Assessment, and Review) framework for performance
assessment and continuous improvement. Data were collected
from XXX Steel Plant located in Iran with 13,000 employees and
analyzed using SPSS and MS Excel. This study concentrated on
customer-related data (sub-criteria 5.e and 6.b) to illustrate the
effectiveness of the overall methods. The findings reveal a gap
between the performance metrics and the target. The research
explores the influence of implementing the EFQM model on
customer performance, emphasizing its structured qualitative
and quantitative approach to monitoring and enhancing strategic
planning. Lessons learned from the EFQM model’s organizational
deployment offer actionable strategies to enhance strategic
planning, leadership, and process optimization.

BEST PRACTICES IN TECHNOLOGY MANAGEMENT

Wednesday | 11:00 AM | Directors 3

Implementing the EFQM Excellence Model and
Organizational Development: Strategies and Outcomes

Cyrus Sarmadi, Indiana State University; M. Affan Badar, A.
Mehran Shahhosseini, and Farman A. Moayed

This study investigates the implementation of the European
Foundation for Quality Management (EFQM) Excellence Model
to see how the EFQM model supports continuous improvement,
strengthens leadership, and encourages employee engagement

BEST PRACTICES IN TECHNOLOGY MANAGEMENT

Wednesday | 11:30 AM | Directors 3
Impact of Leadership Styles and Skills on Safety Performance

Ms. Mallory Leazer, lowa State University; Dr. Steve Freeman,
lowa State University

Occupational safety is a continuously evolving aspect of the
workplace, aimed at reducing injury, illness, and fatalities.
Individuals involved in safety leadership positions have a
prominent role in the performance of workplace safety programs
through their direct involvement in controlling workplace
hazards and daily communication with employees.

This research explored the relationship between management's
leadership styles and skills and company safety performance. The
study examined the personal perspectives of safety managers on
their leadership skills and styles through a survey of managers
representing a variety of industries, sizes, and locations. The
survey was administered through Qualtrics and gathered top
leadership styles and skills for each participant. Individuals were
selected that were insured with a Midwest Insurance Carrier
allowing the results of perceived leadership to be compared to
safety performance. The safety performance metrics were
measured in terms of Occupational Safety and Health
Administration (OSHA) Recordables and Workers’ Compensation
Claims.

This presentation will discuss the relationship between safety
performance and the leadership styles and skills of safety
management. The study results will provide a framework for the
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audience to understand the relationship between leadership and
safety performance.

Major Points:

e Leadership style and leadership skills of safety managers
e How leadership styles are related to safety performance
e How leadership skills are related to safety performance

e Recommendations for professional development of safety
managers to enhance safety performance

BEST PRACTICES IN TECHNOLOGY MANAGEMENT
Thursday | 8:30 AM | Directors 6

Applying Backward Design & Transparency in Learning and
Teaching (TILT) in Technology Management Curricula

Mr. David Stec, Central Connecticut State University

In technology management education, aligning instructional
strategies with the needs of diverse student populations and
evolving industry expectations is essential. Two evidence-based
frameworks—Backward Design and the Transparency in Learning
and Teaching (TILT) framework—offer powerful approaches to
improve curriculum clarity, relevance, and effectiveness. While
each model has gained traction in general education settings,
their combined application within upper-level technology
courses remains underexplored.

This session will walk participants through the redesign of two
undergraduate courses, Production Systems and Supply Chain
Systems, in Technology Management using Backward Design
principles and the TILT framework with a focus on improving
student engagement, performance, and equity in learning
outcomes. The redesign process began by articulating course
outcomes aligned with industry-relevant competencies, followed
by redesigning assessments and instructional activities to ensure
coherence and relevance. Assignments were restructured using
the TILT model to explicitly communicate purpose, task, and
success criteria. These strategies have been shown to improve
outcomes, especially for first-generation and non-traditional
students. The presentation will include side-by-side examples of
legacy vs. revised assignments, student feedback data, and
observed performance trends following implementation.

ATMAE participants will benefit from this session by gaining
practical strategies for improving course design in applied
technical fields. The presentation emphasizes student-centered
practices that can increase retention, foster deeper learning, and
support diverse learners. Attendees will leave equipped to apply
or adapt these frameworks to their own courses in engineering
technology, manufacturing, applied management, or related
areas.

Major Points of the Presentation

e  Overview of Backward Design: Aligning learning
outcomes, assessments, and activities in technology
courses

e Introduction to the TILT Framework: Purpose, task, and
criteria for transparent assignment design

e  Course Redesign Process: Application in Production
Systems and Supply Chain Systems

e Examples of Transformed Assignments: Before-and-after
comparisons and rationale

e Impact on Student Performance: Preliminary outcomes
and student perception data

e  Practical Takeaways: Tools, templates, and strategies for
immediate implementation

BEST PRACTICES IN TECHNOLOGY MANAGEMENT
Thursday | 9:00 AM | Directors 3

The Role of Cloud Computing in Business Resilience and
Continuity

Godbless Biekro, Eastern lllinois University; Azan Asif Khan,
Eastern lllinois University; Dr. Togeer Israr, Eastern lllinois
University

This paper explores the critical role of cloud computing in
enhancing business resilience and continuity, particularly in the
face of modern challenges such as cyberattacks, natural
disasters, and fluctuating market demands. It examines how
cloud technologies support scalability, disaster recovery, and cost
efficiency, ensuring businesses can maintain operations during
crises. Through an analysis of cloud service models (laaS, Paas,
SaaS) and deployment types (public, private, hybrid, multi-
cloud), the paper highlights cloud computing’s ability to
dynamically scale resources, improve recovery time objectives
(RTO) and recovery point objectives (RPO), and reduce
infrastructure costs. The paper further discusses the relevance of
cloud computing in crisis management, including cybersecurity
measures and disaster recovery strategies, showcasing real-
world examples of businesses that have successfully leveraged
cloud solutions during disruptive events. Finally, the paper
identifies future trends, challenges, and best practices for
adopting cloud computing to build resilient, cost-effective, and
sustainable business architectures, offering a comprehensive
roadmap for enterprises seeking to future-proof their
operations.

Keywords: Cloud computing, business resilience, business
continuity, scalability, disaster recovery, cost efficiency,
cybersecurity, cloud service models, cloud deployment models,
crisis management, Recovery Time Objective (RTO), Recovery
Point Objective (RPO), cloud redundancy, geo-distribution,
automation, cloud architecture, vendor lock-in, cloud cost
management.
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BEST PRACTICES IN TECHNOLOGY MANAGEMENT

Thursday | 11:30 AM | Directors 6
Supply Chain Risk Management Program Lifecycle

Dr Eli Aba, UW-Stout; Dr. Chang-Ray Chen; Kazlin Rivard,
former student at UW-Stout

This research was done to best determine what strategy would
work for Company ABC to identify, address, and mitigate risk
within supply chains both internal and external. The researcher
was tasked to develop a program and team to accomplish this
goal. Upon researching data and thorough analysis, the best
methodology to accomplish this task was developing a Risk
Priority Number tool with support from internal data scientists
and our Microsoft Power Bl software. 19 different risk metrics
across the organization were analyzed that have impact in
operations, delivery, engineering, quality, and financial
performance. 2,798 suppliers were included in the research
while tracking their performance and risk. Based on the tracking
and analysis, our program team has decided to integrate 10
additional categories of risk to our existing 6 categories already
installed into our Microsoft Power Bl RPN tool. This will allow us
to draw conclusions in a rapid manner and strategize solutions to
mitigate risk solidly rooted in our data. Additionally, this will
create more proactive, efficient, and effective ways to present
results as we can seamlessly quantify our progress and success
by showing a suppliers overall performance going up or down
with the RPN tool.

top management to enable the development of well-rounded
and committed champions in a company will be discussed.

BEST PRACTICES IN TECHNOLOGY MANAGEMENT
Thursday | 1:30 PM | Promenade 1

The role and importance of champions to lead operational
excellence and business process improvement initiatives

Dr. Merwan Mehta, East Carolina University, Department of
Technology Systems

Companies are rushing to implement operational excellence and
business process improvement initiatives with the popularity of
Lean Six-Sigma (LSS), made popular based on the principles of
the Toyota Production System, and Motorola’s six-sigma
programs. Most companies embark on a comprehensive training
program for LSS to certify their employees as white-belts, yellow-
belts, green-belts and black-belts. The training usually requires
the completion of a project using LSS tools, that should show an
improvement in costs or increase in revenue through the
enhancement of productivity and profitability in a company. The
projects undertaken by the employees are selected and assigned
by executives in a company, who are to oversee and own the
projects. However, there has been a lack of understanding on the
part of the executives as to the role that they need to play as
champions in a company’s operational excellence initiatives.

In this presentation, the importance of the champion and how
champions need to be trained to play their role well will be

discussed. How management concepts of “servant leadership,”
and “extreme ownership” should be adopted and promoted by

BEST PRACTICES IN TECHNOLOGY MANAGEMENT
Thursday | 1:30 PM | Directors 3

The 3 + 1 Academic Program Vision: A Holistic Exploration of
Challenges and Opportunities through an Extensive
Stakeholder Survey

Dr. Edem Tetteh, Rowan College of Burlington County

The 3 + 1 academic program model offers students a unique
opportunity to enhance their educational journey by completing
three years at a two-year institution, followed by one year at a
partnering four-year institution. This innovative approach aims to
revolutionize access to affordable education while fostering
strong academic collaborations. However, its implementation
presents various challenges and opportunities.

This study explores insights from a comprehensive survey
involving key stakeholders, including students, faculty,
administrators from both two-year and four-year institutions,
and relevant employers. The primary objectives of the survey are
to assess the program's overall effectiveness, identify potential
areas for improvement, and guide the development of future
collaborations. By thoroughly understanding the diverse
perspectives of those involved in the 3 + 1 program, this study
aims to significantly contribute to the sustained growth and
success of such pioneering educational initiatives.

The study included students, faculty, and administrators who
have participated in Rowan University's 3+1 programs and are
listed in the College's databases, such as Colleague, Adviso, and
Informer. Rowan University's Relations office also provided
updated contact information for 3+1 graduates eligible for the
study. All eligible individuals received a survey link via Survey
Monkey, with no limit on the number of responses. The survey
software did not include participant identification. However,
email addresses collected from RCBC databases and Rowan
University's Relations office were used to send the survey link to
participants via the RCBC email system.

The results of the study were overwhelmingly positive. A
significant majority of students reported high levels of
satisfaction with the program, citing affordability and seamless
transition between institutions as major benefits. Faculty and
administrators highlighted enhanced academic collaborations
and the ability to offer a more diverse range of courses as key
advantages. Employers noted that graduates of the 3 + 1
program were well-prepared for the workforce, possessing both
practical skills and advanced knowledge.

Overall, the study's findings underscore the potential of the 3 + 1
academic program model to transform higher education by
making it more accessible and collaborative.
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BEST PRACTICES IN TECHNOLOGY MANAGEMENT
Thursday | 2:00 PM | Promenade 1

Smart Manufacturing Implementation Framework for SMEs:
A Pathway to Overcoming Adoption Barriers and Enhancing
Competitive Advantage

Dr Oyetunji Olaniba, Central Connecticut State University; Dr.
Ravindra Thamma, Central Connecticut State University; Mr.
Brian P Romano, Central Connecticut State University

Small and Medium-sized Enterprises (SMEs) are increasingly
pressured to adopt Smart Manufacturing (SM) practices to
remain competitive in the evolving industrial landscape.
However, many SMEs struggle with financial constraints, lack of
technical expertise, and integration challenges. Without a
structured approach to overcoming these barriers, SME adoption
of Industry 4.0 technologies remains limited, hindering their
potential for operational efficiency and market competitiveness.

This study presents an Adapted Smart Manufacturing
Implementation Framework designed specifically for SMEs,
based on the USA Automation Adoption Principles. The
framework provides a structured, phased approach to Smart
Manufacturing adoption, ensuring that SMEs can navigate the
complexities of Industry 4.0 transformation effectively. By
addressing key implementation barriers, the framework offers a
pathway to enhanced productivity, cost savings, and long-term
sustainability.

Major Points:

e Identification of critical barriers hindering SME adoption
of Smart Manufacturing.

e Development of a step-by-step framework aligned with
the USA Automation Adoption Principles.

e Importance of strategic alighment, scalable technology
adoption, and workforce upskilling.

e  Case studies and practical applications demonstrating the
framework’s effectiveness.

e Recommendations for policymakers and industry
stakeholders to support SME digital transformation.

The proposed framework integrates lean principles with smart
manufacturing concepts to create a realistic adoption pathway
for SMEs. It emphasizes a phased approach that includes
readiness assessment, cost-effective technology adoption, and
workforce development strategies. By leveraging real-world case
studies and empirical data, the study demonstrates how SMEs
can gradually transition to Industry 4.0 without disrupting
existing operations. The findings provide actionable insights for
manufacturing leaders, educators, and policymakers seeking to
enhance SME competitiveness in the digital era.

BEST PRACTICES IN TECHNOLOGY MANAGEMENT

Friday | 10:00 AM | Directors 3
Designing a Modern Supply Chain Analytics Course
Mr. David Stec, Central Connecticut State University

As the supply chain field undergoes rapid digital transformation,
professionals must increasingly rely on advanced data analytics
to drive decision-making, resilience, and performance
optimization. Traditional analytics education often lacks real-time
relevance and underutilizes emerging technologies like artificial
intelligence (Al). To bridge this gap, a modernized undergraduate
course in Supply Chain Analytics was developed to equip
students with practical skills in descriptive, diagnostic, predictive,
and prescriptive analytics—integrated with Al-powered tools for
both learning and analysis. This approach supports workforce
readiness and prepares students to navigate and lead in data-
centric supply chain environments.

This session presents the structure, pedagogy, and
implementation of a new course in Supply Chain Analytics,
emphasizing hands-on learning with Al-augmented tools. The
course introduces foundational concepts across the four key
analytics domains:

e  Descriptive Analytics: Using Excel, Minitab and Al
assistants to visualize and summarize performance data.

e  Predictive Analytics: Building quantitative predictive
models and utilizing Al-powered tools for pattern analysis
and prediction.

e Prescriptive Analytics: Solving optimization problems
using Excel Solver and Al-supported decision systems.

e Diagnostic Analytics: Employing Al tools (e.g., ChatGPT)
for causal analysis.
Students engage with real-world case studies and simulations,
from demand forecasting to supplier risk management. The
presentation will include sample assignments, reflections on
student engagement, and lessons learned from implementation.

This presentation offers faculty in technology management a
forward-looking model for integrating Al and analytics into an
undergraduate course in supply chain analytics. Attendees will
gain practical strategies for embedding Al tools into their
teaching, aligning course content with industry expectations, and
enhancing students’ analytical and critical thinking capabilities in
preparation for a dynamic workforce.

Major Points of the Presentation
e Course Development Rationale: Aligning supply chain
analytics with industry needs and Al integration

e Analytics Framework Overview: Descriptive, predictive,
prescriptive, and diagnostic methods

e Use of Al Tools in Analytics Instruction: ChatGPT, Microsoft
Copilot, RapidMiner, and Al-based decision support

e  Examples of Applied Projects: Forecasting, supplier
evaluation, and capacity allocation optimization case
studies
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e Student Engagement and Feedback: Reflections on
learning outcomes and tool usability

e  Practical Resources: Sample syllabi, tools, and
assignments

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
Wednesday | 10:00 AM | Directors 6

Quantitative Life Cycle Assessment for Construction
Materials in an Industrial Building Using Web-Based
Software “OnecClick LCA”.

Dr. Mohamed Abdel Raouf, Ball State University; Eng. Berlant
Arab, The American University in Cairo; Eng. Amir Hany, The
American University in Cairo; Eng. Mariam Mostafa, The
American University in Cairo; Dr. Mohamed Nagib Abou-Zeid,
The American University in Cairo

The construction industry is on urge to lower its environmental
emissions since it has a huge impact on climatic change. In this
present study, a quantitative life cycle assessment "LCA" was
conducted to bridge the gap between assessing LCA and their
environmental impacts through using an existing web-based
environmental software. As a practical example, the main
objective of this study was to assess the environmental impacts
of an industrial building in Cairo, Egypt, with an emphasis on
determining the social carbon cost, and identifying opportunities
for emission reductions. Also, this study proposes a procedure
and a standardized method to input the data for compatibility
with the well-developed OneClick software tool. The findings
reveal that construction materials have significant environmental
impacts. Specifically, the embodied carbon for concrete and steel
were 29,122 tons CO2e and 132.98 kg CO2e per m? per year,
respectively. Importantly, the social carbon cost was 1,456,090 €.
For the sake of promoting sustainable buildings and practices,
the study recommends using alternative materials to reduce the
embodied carbon footprint and social cost of carbon of the
industrial building by approximately 16%. These findings
underscore the importance of integrating LCA using software into
the early design and material selection phases for more
environmentally responsible construction decision-making.

Keywords: Green buildings; Carbon footprint; Life cycle
assessment; One Click; Sustainable materials; Environmental
impact.

Major points of the presentation:

e Life Cycle Assessment "LCA"

e  Main parameters to be addressed in quantification of LCA
of construction materials

The audience of this presentation will be introduced to the
general concept of LCA and its significance in movement towards
sustainable construction materials. An overview of the benefits,
opportunities and challenges of using well-developed software
tools in quantification of environmental assessment will be
discussed.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Wednesday | 10:00 AM | Directors 3
Mental Mapping using Spatial Vis
Ms. Denise Adair, Mississippi State University

| will be presenting on the software Spatial Vis from eGrove
Education. | have used this software in my INDT 1003 Tech
Drafting and Print reading class for four semesters in my in-
person and online classes. Student work through a series of
drawing tasks from an introduction unit to Isometric,
Orthographic, , slopes and curves, flat patterns, 2D and 3D
rotations around axes, and assemblies. Students receive
immediate feedback on their sketches that they can do on a
laptop, tablet, or phone. They can even take get a hint or take a
peek at the solution to help them visualize the answer. It is an
additional resource for students who may not have a natural
ability to see in 3D. Students are given immediate feedback by
being awarded stars as they progress through the modules in the
software. Students also get unlimited tries to complete the
assignments. The system grades as they progress, and | get the
results in a spreadsheet when | log in as a teacher. | have found
this software to be very helpful to students.

My ATMAE presentation will be a power point explaining the
process of how to access the software as a teacher and a
student. The presentation will be beneficial to anyone in the
Atmae audience who would like to add another tool to teach
drafting and 3D visualization in their class(es).

Major Bullets:

e  How to access the program
o Instructors
o Students
e How the program works
e How |l use the program in class
e Benefits of the program
e Student Feedback

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Wednesday | 10:00 AM | Promenade 2

Powering the Future: The Evolution of EV Battery
Technologies

Dr. Rendong Bai, Eastern Kentucky University; Dr. Vigs J.
Chandra; Dr. Ray E. Richardson

The transition to electric vehicles (EVs) is crucial in addressing the
global climate crisis and reducing dependence on fossil fuels. A
central challenge in the adoption of EVs is the development of
efficient, cost-effective, and sustainable battery technologies. As
EVs become more mainstream, there is increasing demand for
advancements in battery performance — especially in terms of
energy density, charging speed, lifespan, and affordability. This
presentation will explore the current state of EV battery
technologies, including the latest innovations in lithium-ion,
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solid-state, and emerging alternative chemistries. Understanding
these advancements and challenges is essential for engineers,
manufacturers, and policymakers involved in EV and clean energy
sectors.

This presentation will provide an overview of current battery
technologies used in electric vehicles. We will focus on key topics
such as the state-of-the-art in lithium-ion batteries, the potential
of solid-state batteries, and emerging alternatives like sodium-
ion technology. The presentation will also address the critical
challenges in battery production, such as cost, energy density,
raw material supply, and the scalability of manufacturing
processes. In addition, we will explore the role of infrastructure
development, battery lifecycle management, and recycling
issues. Finally, we will discuss future trends and innovations that
could revolutionize the EV industry and accelerate the transition
to electric transportation.

Understanding the ongoing developments in EV battery
technologies is crucial for ATMAE audience, as many will be
involved in the design, development, and deployment of new
technologies. For engineers and technologists, this presentation
will offer insights into the technical challenges and opportunities
of EV battery systems. For educators and students, this
presentation will help prepare them for future careers in the
growing field of electric mobility and sustainable technologies.

Major Bulleted Points

e Introduction to EV Battery Technologies:

e  Overview of the key battery chemistries used in electric
vehicles (lithium-ion, solid-state, sodium-ion, etc.)

e Importance of battery performance in determining the
success and adoption of EVs

e Challenges in EV Battery Development:

e High costs and raw material constraints (lithium, cobalt,
etc.)

e  Manufacturing scalability: balancing performance, cost,
and production volume

e  Battery life and performance degradation: strategies for
extending battery lifespan

e  Recent Innovations in EV Batteries:

o Improvements in lithium-ion batteries: energy
density, charging speed, and safety features

o Emerging solid-state batteries: advantages over
conventional batteries and future potential

o Exploration of sodium-ion and other emerging
battery technologies

e  Future Directions for EV Batteries:

o Potential breakthroughs in solid-state and other
next-gen battery chemistries

o Therole of EV batteries in the future of smart grids
and renewable energy integration

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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The Bybit Cryptocurrency Theft: Lessons, Challenges, and
Security Solutions

Dr. Rendong Bai, Eastern Kentucky University; Dr. Vigs J.
Chandra; Dr. Ray E. Richardson

On February 21, 2025, a group of hackers pulled off the largest
cryptocurrency theft in history after stealing $1.5 billion in
Ethereum tokens from the Dubai-based cryptocurrency exchange
ByBit. This theft highlights critical vulnerabilities in crypto
exchanges and decentralized finance (DeFi) platforms. As
cryptocurrencies gain mainstream adoption, cybercriminals
continue to develop sophisticated attack techniques to exploit
security gaps. This presentation will examine its implications,
attack techniques, and lessons for broader financial and
cybersecurity sectors.

This presentation will provide an in-depth analysis of the Bybit
cryptocurrency theft, covering the attack methodology, potential
involvement of cybercriminal groups, and how the stolen funds
were laundered. We will also discuss emerging cybersecurity
solutions and regulatory responses designed to prevent such
incidents. The presentation will conclude with recommendations
for crypto exchanges, investors, and policymakers to enhance
security and resilience against future threats.

e Cybersecurity professionals will gain insights into cutting-
edge attack techniques and advanced defensive
strategies.

e  Crypto users and developers will learn best practices for
securing assets and strengthening exchange security
protocols.

e  Regulators and policymakers will explore legal and
compliance challenges related to cryptocurrency security.

Major Points

e  Detailed breakdown of the Bybit cryptocurrency theft:
timeline, methods, and impact

e Analysis of cybercriminal tactics, including phishing,
malware, and smart contract exploits

e Money laundering strategies used for stolen
cryptocurrency

e Advanced security measures: multi-signature wallets, Al-
powered fraud detection, and blockchain analytics
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Deep-Learning based On-Device Intelligence for Smarter loT
Systems

Dr. Sangho Park, Central Connecticut State University

The Internet of Things (I0T) encompasses devices equipped with
sensors, processing capabilities, software, and other technologies
that connect to and exchange data with other devices over
communication networks. This interconnected system forms a
network of physical devices, appliances, or vehicles, each serving
various purposes.

loT systems are evolving rapidly, with new devices and platforms
constantly emerging. In recent years, advancements in deep
learning (DL), particularly Deep Neural Network (DNN)-based
machine learning (ML), have enabled numerous novel
application scenarios, paving the way for smarter and more
intelligent loT systems. Integrating Al into loT systems as on-
device intelligence remains an open research question due to the
limited computational power of loT devices. However, on-device
intelligence is crucial for protecting user data privacy and
security.

In the domain of distributed sensor networks for intelligent
environmental monitoring, traditional frameworks have primarily
employed a server-client structure in a star network
configuration, where a central server runs a DNN model to serve
multiple client sensor nodes at remote locations. Despite its
success, this approach faces scalability challenges as data and
client nodes increase, due to limitations in transmission
bandwidth and CPU processing time on the server. To address
these challenges, we propose in this paper to distribute data
processing duties from the central server to multiple client
nodes. This approach alleviates the server's burden by
eliminating the need to transmit all sensor data from client
nodes to the central server. It also addresses privacy and security
concerns by processing sensor data locally on the low-end sensor
nodes, rather than sending it to the central server.

Integrating DNN-based ML models into loT systems requires two
stages: DNN model training and DNN model adaptation. DNN
model training typically requires a vast amount of training data
and high-powered cloud servers with multiple graphics
processing units (GPUs), making it virtually impossible for loT
systems to achieve. Therefore, DNN model adaptation is the
focus of this research for enabling on-device intelligence in loT
systems.

DNN model adaptation techniques offer a way to deploy ML
models in loT systems despite the lack of computing resources,
storage, and bandwidth. These techniques are broadly
categorized into model compression (e.g., model parameter
pruning and quantization) and conditional computation (e.g.,
early exit adaptation and model selection). The choice of
appropriate techniques depends on various factors, including the
DL model's latency, hardware memory size, and energy
requirements.

This paper primarily focuses on how to evaluate these
influencing factors in a given loT system, how to select the
appropriate model adaptation techniques, and how to assess the
overall performance of loT systems with on-device intelligence.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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Additive Manufacturing of Oil-impregnated Metal Parts

Dr. Mehmet Bahadir, Southeastern Louisiana University;
Christopher Kupershtein and Gerard Lotz

Additive Manufacturing (AM), commonly known as 3D printing,
has rapidly advanced with improvements in material capabilities,
precision, and production efficiency. Industries such as
aerospace, healthcare, and automotive have widely adopted AM
for producing complex and customized components. One
significant advantage of AM over traditional methods is its ability
to eliminate the need for molds, reducing associated design,
manufacturing, and maintenance costs. A local manufacturing
company specializing in sintered metal and ceramic parts, aims
to leverage AM technology for producing oil-impregnated metal
components, eliminating the need for conventional molding. This
research collaboration investigates the feasibility of
manufacturing oil-impregnated sintered metal parts using AM to
optimize production for small-batch and custom components.

This presentation explores the application of AM for producing
oil-impregnated sintered metal parts. The study focuses on
utilizing a proprietary metal powder mix provided by the local
manufacturing company to 3D print and test components such as
bushings, sleeves, and flanges. The project is structured into two
phases: initially using the proprietary mix, followed by applying
the same method to standard industrial bronze and steel
powders. The manufacturing process involves material
preparation, filament extrusion, 3D printing, sintering, and
testing for mechanical properties. The goal is to assess the
performance of AM-produced parts compared to traditionally
manufactured counterparts.

This research holds significant implications for educators,
researchers, and industry professionals in manufacturing
technology. By integrating AM into sintered metal part
production, manufacturers can reduce tooling costs, enhance
design flexibility, and improve production efficiency for small-
batch runs. The study aligns with ATMAE's mission by providing
insights into innovative manufacturing solutions that can be
implemented in industrial and academic settings. Attendees will
gain a deeper understanding of AM's potential in metal part
production and its applications in various industries.

Major Points
e  Overview of Additive Manufacturing (AM) and its
advantages over traditional manufacturing methods.

e  Challenges and opportunities in implementing AM for
sintered metal components.

e Description of the collaborative project with the local
manufacturing company.
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e Detailed explanation of the AM process, including
material preparation, 3D printing, and sintering.

e  Comparative analysis of AM-produced oil-impregnated
metal parts versus conventionally manufactured parts.

e Discussion of testing methods.

e Implications for industry and academia, including cost
reduction and design flexibility.

e  Future directions and potential applications of AM in
metal part production.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
Wednesday | 1:30 PM | Promenade 2

Lab it to learn: Adding a microcontroller flavor to
introductory electronics technology coursework

Prof. Vigs Chandra, Eastern Kentucky University; Dr. Ray
Richardson, Eastern Kentucky University; Dr. Rendong Bai,
Eastern Kentucky University; Dr. Nathan Arnold, Eastern
Kentucky University

The 2025 Microcontroller Industry Research report by Research
and Markets estimates the global market for microcontroller
units (MCUs) will reach nearly 33 Billion USD by 2030. With
applications ranging from those in home appliances to the
automobile, manufacturing, and aerospace industries,
technology students need to learn how to use these devices
safely and effectively in a lab-based environment, enjoying the
learning that arises naturally by tinkering while bringing a
hobbyist mindset to their purposeful activities. Free online
simulation and structured learning resources to supplement in-
person lab activities can greatly ease student and faculty
concerns about learning programming and safely implementing
their creations on actual hardware.

The presentation will discuss the need to include the teaching of
microcontroller-based systems in introductory electronics
coursework technology programs. It offers a way to expand and
integrate the implementation of conventional digital and analog
devices while teaching students about the convenience of
software control solutions. It will cover problem-solving using
flowcharts and algorithmic thinking, translating specifications
into a series of key tasks, and interfacing the microcontroller
system with input sensors/switches and output actuators to test
prototypes' implementation. Technology students who
understand these tools will ease into special topics courses
involving more involved microcontrollers or programmable logic
controllers.

Integrating the teaching of single-board microcontroller systems
into introductory technology courses requires selecting an
appropriate system that is beginner-friendly, is reasonably priced,
costs, preferably with access to structured learning resources
that ease concerns by students and faculty about the need to be
proficient in programming before "tinkering" with the code. It
should also reinforce the learning of key electronic concepts and
integrate programming to complement the hardware-centric
learning that precedes it, with opportunities to bring real-world

sensor data into the microcontroller using devices on
breadboards. A mix of guided and open-ended lab-based
projects that students can simulate and implement will boost
their confidence in exploring other microcontrollers. It will also
increase their appreciation for the work done by others to create
libraries of functions that they can import and use for special-
purpose functions, such as servo motors, LCD screens, and
sensors. The presentation will include information about free
repositories with sample programs that students can download
and experiment with as part of their prototypes. We will share
ideas for laboratory and workshop activities as part of the
presentation.

Major points:

e Updating introductory electronics coursework by adding
microcontrollers to the mix

e Using beginner-friendly single-board microcontroller
systems that allow students to lab it to learn

e Scaffolding the learning of microcontrollers using a series
of free online Arduino labs

e  Familiarize technology students with hardware-centric
solutions and the flexibility offered by
control/communication software running on
microcontrollers, along with visualizing the problem-
solving process using flowcharts

e  Transition from the virtual to the real world: testing
simulation results on physical electrical/electronic devices

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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Additively Manufactured Thermoplastic Foams Using
Blowing Agent Filled Filament

Dr. Mehmet Bahadir, Southeastern Louisiana University; Dr.
Mohammad Ahmed; Kamryn Davis

Additively manufactured thermoplastic foams can play a
significant role in creating lightweight parts and reducing payload
for future NASA missions. Among NASA’s In-Space Manufacturing
initiatives, a Phase Il SBIR funded project developed
Customizable Recyclable ISS Packaging (CRISSP) system using
fused deposition modeling (FDM) technology. Custom infill
profiles were used to design foam packaging that can provide
specific vibration characteristics or mechanical properties. Infill
patterns and modifications of such is an inherent characteristic of
3D printing slicing engines which allow a user to incorporate
lightweight features in the design and reduce print time
substantially. However, creating foam with closed cell
morphology and macro or microporosity is challenging with
FDM. Therefore, active foaming technology enabled feedstock
filament could be a potential alternative to producing such
foams. These filaments include an active blowing agent in the
feedstock polymer that allows it to expand as it extrudes,
resulting in an increase of its volume by as much as three times.
Such capabilities, when combined with FDM'’s infill
configurations, can generate foams that have tailorable
mechanical properties while reducing launch mass. In this
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research, foams are designed using different design parameters
(infill pattern, infill density), 3D printed using different print
parameters (temperature, speed, and flow ratio), characterized
and tested to elucidate process-structure-property relationships,
lightweight potential, and space saving capabilities.

The presentation will introduce the audience to the additively
manufactured thermoplastic foam fabrication process. The
research hypothesis will be discussed in light of blowing agent
filled feedstock filament. The audience will gain insight into the
process parameter screening method and preparation of foam
test specimens. Additionally, the effects of process parameters
on the physical and mechanical properties of the foams will be
discussed.

ATMAE conference attendees will learn about additively
manufactured thermoplastic foam fabrication method using
blowing agent filled feedstock filament.

Major Points:

e Blowing agent filled filament
e  Thermoplastic foam 3D printing
e  Characterization of foam morphology using digital imaging

e  Characterization of mechanical properties using
compression tests

e  Process-structure-property relationships

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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Wi-Fi antenna design for the Industrial Internet of Things
(lloT)

Dr. Kiyun Han, University of Arkansas Fort Smith; Dr. Jung
Won Park, University of Hawai‘i Maui College

The Internet of Things (1oT) involves devices equipped with
sensors, software, and technology to exchange data across
networks. Its industrial version, the Industrial Internet of Things
(oT), is integral to Industry 4.0, connecting sensors and devices
to enable real-time data collection, analysis, and process
optimization in industrial settings. 110T enhances efficiency,
safety, and cost-effectiveness, focusing on industrial performance
rather than consumer convenience. IloT applications range from
process automation and transit systems to asset tracking, smart
grids, and video surveillance, relying on wireless protocols such
as Wi-Fi, 4G-LTE, 5G, and GPS. Wi-Fi is particularly crucial for
many lloT implementations, driving the need for advanced
antenna designs.

This study investigates the design, simulation, and testing of Wi-
Fi antennas for lloT applications. It develops two single-band 2.4
GHz antennas and one dual-band antenna covering 2.4 GHz and
5 GHz. Using electromagnetic simulation software, key
parameters such as return loss, input impedance, and radiation
patterns are optimized. The research includes the fabrication of
prototype antennas and experimental validation using a Vector
Network Analyzer (VNA) and an anechoic chamber. A notable
component of the study is the 2.4 GHz rectangular patch

antenna, distinguished by its unique radiation pattern compared
to monopole, dipole, and Planar Inverted-F Antennas (PIFA). This
straightforward design serves as a clear example of antenna
development principles. Additionally, the research highlights its
educational value by incorporating antenna design concepts into
the engineering curricula at UAFS and UHMC. This integration
fosters hands-on learning and prepares students with practical
skills for real-world applications.

This research advances IloT solutions by developing innovative
Wi-Fi antennas specifically optimized for industrial environments.
It fosters collaboration with industry partners while enhancing
academic programs, effectively bridging the gap between
technological education and the workforce demands of Industry
4.0. Additionally, the project enriches curricula by integrating
practical antenna design principles, equipping students with the
skills needed to address real-world IloT challenges.

Major Points:

e  Overview of 10T and lloT: Definitions, differences, and
significance in Industry 4.0.

e Importance of Wi-Fi Antennas in lloT: Role in industrial
applications and communication protocols.

e Antenna Design and Development: Details of single-band
and dual-band antenna designs, simulation optimization,
and key parameters.

e  Experimental Validation: Prototype fabrication and testing
using VNA and anechoic chamber to refine antenna
performance.

e  Educational Contributions: Integration of antenna design
principles into UAFS and UHMC curricula, supporting
hands-on learning.

e Inspiring STEM Careers: UAFS and UHMC's efforts to
encourage students toward STEM, supporting vital
pathways to higher education and high-skilled jobs across
Arkansas, Hawai‘i, and beyond.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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Industry 4.0: Establishing an lloT Network for Smart
Manufacturing

Mr. Jacob Kennedy, Western Kentucky University; Madison
Gardner, Western Kentucky University; J. Michael Galloway,
Western Kentucky University; Gregory K. Arbuckle, Western
Kentucky University; Isaac Gentry, Western Kentucky
University; Alex Lozano, Western Kentucky University

The Industrial Internet of Things, or lloT for short, maybe one of
the best advancements to result from the Modern Industrial
Revolution or what we call “Industry 4.0”. Industry 4.0 brought
with it new practices in manufacturing, such as the integration of
digital and networking technology into automation and other
manufacturing processes. The Industrial Internet of Things is
important because it gives a unique advantage when it comes to
connectivity between machines and data collection. Data
collection is not only a crucial role in the monitoring of industrial
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processes but also in the optimization of processes. With more
automated functions entering production every year, the need
for meaningful data management is critical. What lloT allows
manufacturers to create their own network of machines, field
devices, controllers, etc., that will all be able to transmit and
receive data. This is the “Internet of Things”.

At Western Kentucky University, an interdisciplinary group of
undergraduate students are working together to create our own
IloT. We are in the process of building a Local Area Network
(LAN) consisting of two robots (Mitsubishi and Fanuc), their
respective controllers, two Keyence cameras, two computers,
and two Groov RIO (Remote I/0) modules, two Allen Bradley
PLCs (L32E and L16ER), a HMI, server, and Networked Attached
Storage. All of which are routed to the project’s very own server
rack. This presentation will focus on the development of the LAN,
networking of equipment, program development, data
collection, and data storage.

Major Points
e Demonstration on how to use Blockly programming to run
an open-source industrial robot.

e Review the curriculum that is covered and how easily
students can learn how to program robots.

e Discuss the cost saving of open-source robots and their
future widespread use.

e |llustrate how most educational institutions can now
implement robotics programming into their curriculum.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
Thursday | 10:00 AM | Promenade 2

Development of Curriculum for an Open-source Robot

Dr. Mark Miller, The University of Texas at Tyler; Dr. Heshium
R. Lawrence, The University of Texas at Tyler; Ms. RaeJean
Griffin, The University of Texas at Tyler

Although inexpensive, open-source industrial robots have been
available for several years, their use has been limited due to the
lack of an easy to learn guide to program them. Presently, most
programmers must be proficient with Python to make the robots
run effectively and efficiently. Larger corporations, such as,
Amazon who can afford the trained staff to program these robots
have started to use these robots to replace jobs with high
turnover rates. More and more of these robots are becoming
available and seem to be the future of robotics. Therefore, if a
curriculum is available to easily program these robots, their
widespread use will be commonplace.

This presentation will focus on the development of a curriculum
for programming open-source robots. This curriculum was
developed by the presenters so students would be able to
program the new wave of inexpensive, industrial robots that are
growing in popularity and use. The presenters will also illustrate
how an institution can easily integrate the programming of open-
source robots and how their cost can allow them to afford a CIM
cell at a fraction of the cost of traditional proprietary
programmed robots.

This newly designed robotics curriculum with ancillary CIM cell
equipment can make it affordable for all ATMAE accredited
programs to have hands-on industrial robotics certification cells.
Moreover, students will work with one of the fastest growing
industrial robots on the market that has been recently adopted
by Amazon and other leading companies for material handling
and sorting as well as manufacturing.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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Equivalent Crack Quantification for Stress Concentration
Sensitivity in Ti6Al4V

Dr. Joseph Wright, University of Connecticut; Dr. Lesley Frame,
University of Connecticut

While traditional material strength and fatigue tests are
performed on simple geometries, the stress-raising effects of
fillets, holes, and notches can cause mechanical parts to fail
earlier, under less load than expected. The equivalent crack
length has been previously introduced as a metric indicating
stress concentration sensitivity in brittle powder compacts,
typically used for pharmaceutical tablets. Using a combination of
finite element modeling and experimental samples, a single
length indicative of the total contributions of microcracks at the
beginning and progression of failure can be calculated. This crack
length is an inherent material property and is independent of
fracture toughness. In this work, we develop the equivalent crack
length as a characteristic of aerospace-relevant titanium alloys
and present this as a useful indicator of fracture for complex
structures.

We obtain a ratio of stresses for samples with and without well-
defined stress concentrators, in this case a central hole. Our finite
element models correspond to these geometries, and we extract
the geometry factor for each model under load, examining the
effect of stress interacting with a pre-allocated crack opening.
Using a wide range of hole sizes and crack lengths, we develop a
map that can be used to calculate an equivalent crack size. If the
equivalent crack size is very small compared to the stress
concentration region, the material is more sensitive to the stress
raiser. If the crack length falls outside the region, it shows lesser
sensitivity.

The techniques presented in this work showcase a combination
of modeling/simulation, mechanical testing, and implications for
manufacturing. The application of a pharmaceutical
characterization technique to aerospace materials is highly
relevant to ATMAE members, as industry-driven research topics
are crucial to the survival of the overall organization. This work
builds on challenges experienced by component designers and
industry, and improves engineers’ ability to select appropriate
materials for products by better understanding the effect of
stress concentration sensitivity on the mechanical properties of
materials.
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Major Points:

e  Microcracking and Brittleness

e  Stress Concentration Sensitivity

e The Applied Stress Ratio and Geometry Factor Ratio
e  Calculation of the Equivalent Crack Length

e  Comparison to other materials

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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The Future of Al in Construction, a Student Perspective

Dr. Tamer Breakah, Ball State University; Dr. Mohamed Abdel
Raouf Metwally, Ball State University; Dr. Jennifer Warrner,
Ball State University

The rapid emergence of generative Al has sparked numerous
discussions about its potential impact on various industries,
including construction. As Al technology continues to evolve, it is
expected to influence multiple aspects of the construction sector,
raising critical questions about job security, efficiency, and the
way buildings are designed and constructed. Key concerns
include whether Al will replace human jobs, how it will reshape
traditional workflows, and the extent to which it can be trusted
for decision-making in construction processes.

To explore these questions, a study was conducted with 20
students to gauge their perspectives on the future of the
construction industry in the Al era. Their insights were collected
through two structured classroom exercises. In the first exercise,
students participated in a word cloud activity designed to assess
their familiarity with Al, their current use of Al tools, and their
expectations regarding Al’s role in construction. The second
exercise involved a more in-depth investigation, where students
researched existing Al-driven technologies and advancements
relevant to construction. Additionally, they engaged in an
interactive session where they "interviewed" an Al chatbot about
the future of Al in construction and critically analyzed the
responses received.

This presentation provides an in-depth analysis of the data
collected from these exercises. The findings indicate that
students widely acknowledge Al’s potential to streamline
processes but also express concerns about job displacement and
workforce reductions in construction. Moreover, the results
reveal a general skepticism regarding the reliability of Al,
particularly in high-stakes decision-making scenarios. These
insights highlight the need for further discussion on balancing
technological advancements with job security and ethical
considerations in the construction industry

Keywords: Al, construction management; student perspective,
effect of technology.

Major points of the presentation:

e Introduction to generative Al

e  Potential effect of Al on the construction industry

e Student’s perspective on the potential effect of Al on the
construction industry

e  Student perspective on Al

The audience of this presentation will be introduced to the
future of Al in the construction industry. This will be followed by
a discussion of the students’ opinions and perspective on the
effect of Al in the construction industry.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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Al-Driven Curriculum and Assessment in Kenya: A Roadmap
for Sub-Saharan Africa

Dr. Suhansa Rodchua, U. of Central Missouri; Robin Wachania
and Stacy Korir

Teaching and learning have been a groundwork of education for
individual and public everywhere. With today’s artificial
intelligence (Al) and loT technologies, education can be more
advanced, accessible, and effective than the old days. The
problem statement of this study is that Sub-Saharan Africa faces
significant financial constraints that limit its ability to develop
proprietary Artificial Intelligence (Al) models, build large-scale Al
companies, or invest in high-cost educational infrastructure.
These challenges make Al a uniquely powerful tool for
transforming education in the region, creating tailored learning
pathway, and improving knowledge acquisition and skill
development. With a rapidly growing population, increasing
internet penetration, and a pressing need for scalable, cost-
effective solutions, it is vital to study a model that can be used as
a roadmap for Al-driven educational reform across the continent.

The purpose of this paper is to explore a broad framework for Al-
driven curriculum and assessment across all education levels,
emphasizing Al’s potential to enhance inclusivity, personalization,
and efficiency. Al-based assessment and evaluation, including
automated grading and intelligent tutoring systems, provide real-
time feedback and scalable examination solutions, ensuring
accurate performance measurement. This study focuses on
developed models in Kenya using Al-powered solutions to bridge
educational gaps through mobile learning platforms, language
translation tools, and adaptive content delivery, expanding
access for underserved communities. The major points of this
finding include, but are not limited to:

e The uses of Al in education and functionality in global.

e  Two Al-powered educational platforms with examples: M-
Lugha’s study on digital learning contents bridging
linguistic barriers; and Kytabu’s research on Al-driven
textbook leasing model that makes educational resources
more accessible.

e  Effective integration of Al and IoT into curricula in the
Global South

e  Challenges and future trends in implementing Al-based
assessment models

e  Bias and Ethical Concerns in Al-Based Assessment
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Given the region's financial realities, leveraging existing Al tools,
open-source platforms, and global Al collaborations is essential
for widespread adoption. By strategically integrating Al into
education, Kenya can serve as a model for Sub-Saharan Africa,
demonstrating how Al can accelerate learning outcomes,
democratize access to quality education, and drive economic
growth across the continent.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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How Autonomous Intelligence is Reshaping Industrial
Ecosystems and Threatening Market Dominance

Mr. Hemanth Vamsi Krishna Devadula, University of Central
Missouri, Marietta Watson UCM

Artificial Intelligence (Al) is advancing at an extraordinary pace,
fundamentally altering industrial processes and redefining how
companies compete in global markets. Unlike prior technological
transformations—such as the gradual transition from basic
mobile phones to smartphones—Al’s growth trajectory is
exponentially steeper, shrinking adaptation cycles from decades
to mere years. This presentation delivers a comparative analysis
of historical technology growth patterns, illustrating how Al is
accelerating at an unmatched rate, with the potential to
autonomously reshape business models, operational
frameworks, and competitive hierarchies across industries.

The presentation examines Al’s profound influence on industrial
ecosystems, particularly in manufacturing, supply chain
optimization, and industrial automation, where technologies
such as predictive maintenance, digital twins, and robotic
process automation (RPA) are driving next-level efficiency and
system-wide intelligence. Al models trained on extensive
datasets are not only enhancing operational accuracy but also
enabling autonomous decision-making with minimal human
intervention. As these technologies integrate into cyber-physical
systems (CPS) and industrial 10T (IloT) platforms, they transform
traditional manufacturing environments into adaptive, self-
regulating ecosystems capable of continuous learning and
process optimization.

The Hidden Danger of Technological Inertia

However, this rapid evolution of Al introduces existential risks for
established market leaders who are slow to adopt and integrate
these technologies. Unlike past revolutions, where companies
had the luxury of gradual adaptation, Al’s exponential growth
leaves little margin for error. This presentation introduces a risk
assessment framework that evaluates the consequences of
delayed Al adoption, highlighting how failure to incorporate Al
into core operations can lead to market displacement, revenue
erosion, and operational inefficiencies.

Case studies from early adopters demonstrate that organizations
that have embraced Al have achieved double-digit efficiency
gains, reduced operational downtime by more than 20%, and
increased predictive maintenance accuracy to over 95%.

Conversely, companies that lag in Al adoption face the risk of
being outpaced by agile, data-driven competitors that leverage Al
to enhance production workflows, refine quality control, and
anticipate market demands with precision.

Al’s Potential to Reshape Market Structures

The presentation also explores Al’s expanding footprint in
consumer-facing sectors, where autonomous systems, intelligent
robotics, and adaptive learning models are revolutionizing
industries such as retail, healthcare, and logistics. As Al becomes
deeply embedded in these domains, companies that fail to
harness its capabilities risk losing their competitive edge and
eventually becoming obsolete.

By synthesizing peer-reviewed research, industry case studies,
and data from real-world Al implementations, this presentation
offers a strategic roadmap for organizations to future-proof their
operations. It outlines actionable insights on mitigating the risks
associated with Al disruption while highlighting strategies to
leverage Al’s transformative potential to maintain long-term
market relevance.
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High-Precision, Cost-Optimized Strain Gauge Data
Acquisition System for Advanced Engineering Applications

Dr Kenan Baltaci, UW-Stout; Dr. Vivek Singhal

There is a growing demand for robust yet affordable strain-gauge
data acquisition (DAQ) systems in educational and industrial
environments. Due to cost constraints, university laboratories
often struggle to provide students with high-precision
measurement tools. At the same time, existing low-cost solutions
may lack the accuracy and durability required for real-world
applications. This capability gap creates an opportunity to
develop an instrumentation platform that meets academic needs
and scales to industrial usage.

We are designing and implementing a USB-powered, 12-channel
strain-gauge DAQ device that balances performance and
affordability. Our system leverages =5 V low-noise power
regulation for reliable sensor excitation, 32-bit resolution analog-
to-digital conversion for high accuracy, and a rugged enclosure
suitable for harsh conditions. By incorporating precision resistor
networks (0.01% tolerance), ultra-low-drift instrumentation
amplifiers (<0.1uV/°C), and a multi-channel architecture capable
of 1000 samples per second per channel, the device addresses
the small-signal measurement challenges typical of strain gauges
while achieving a system noise floor below 0.5uV RMS.

Unlike existing solutions that compromise precision or
affordability, our approach utilizes advanced integrated circuit
technologies and optimized PCB layout techniques to achieve
laboratory-grade performance in a field-deployable form factor.
The fully functional hardware prototype will be paired with
custom data acquisition software developed specifically for this
system. We will rigorously test and validate the complete system
in undergraduate engineering laboratories, collecting
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performance data and student feedback to refine hardware and
software components.

From an educational standpoint, our device provides students
with hands-on experience using cutting-edge sensor
instrumentation techniques without incurring the cost overhead
typically associated with commercial high-end DAQ systems.
Industrially, the system meets or exceeds relevant robustness
and noise-immunity standards (IEC 61326-1).

Our development methodology includes comprehensive
EMI/EMC testing and validation against traceable calibration
standards. Deliverables include fully functional hardware units, a
complete software package, detailed design documentation, and
quantitative performance data from laboratory testing. The
conference presentation will consist of a demonstration of
working prototypes and an analysis of student learning outcomes
from initial implementation.

Key Focus Areas of This Work:

e  Cost-Performance Optimization: This involves creating a
budget-friendly system while delivering high accuracy and
reliability comparable to systems costing 3-5 times more.

e  Ruggedization: Utilizing industrial-grade connectors,
multi-stage EMI/ESD protection, and a CNC-machined
aluminum enclosure for real-world durability in
environments up to IP65 rating.

e Scalability & Modularity: Implement an adaptable
architecture with expandable firmware to potentially
extend beyond 12 channels or into other sensor
applications, including thermocouples and RTDs.

e  Educational & Research Relevance: Reducing complexity
via USB connectivity and intuitive software with
programmable APIs, facilitating broad adoption in
academic labs and smaller R&D facilities.

By presenting the complete strain-gauge DAQ system, including
hardware design, software implementation, and laboratory
testing results, we aim to demonstrate how advanced
instrumentation can be made more accessible. This project
contributes to the democratization of high-precision sensing
technologies in academic and industrial contexts while enhancing
student learning in engineering measurement courses.
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Integrating Al into Engineering Technology Education:
Bridging the Gap, Leading the Change, and Ensuring
Balanced Use

Dr. Ahmad Fayed, Southeastern Louisiana University; Dr.
Mehmet Emre Bahadir, Southeastern Louisiana University

The disparity in Al adoption between students and faculty is
becoming a critical challenge in engineering technology
education. While students increasingly use Al for research,
writing, and problem-solving, faculty adoption remains slower,
creating a gap that impacts curriculum effectiveness. For ATMAE

professionals, this gap presents both risks and opportunities as Al
can enhance learning and streamline administrative tasks, but
unchecked use may weaken essential hands-on and problem-
solving skills.

This paper highlights the need for educators to take a leadership
role in Al integration, ensuring that students use Al effectively
while maintaining academic integrity and human expertise. Al
can serve as a powerful tool in engineering technology by aiding
students in organizing complex ideas, automating routine tasks,
and improving efficiency. However, its overuse in assessment and
coursework could reduce student engagement in critical thinking,
engineering design, and hands-on learning; skills that remain
essential in applied engineering fields.

To address this challenge, faculty must adapt teaching methods,
update assessment models, and establish Al usage guidelines.
This paper presents best practices for Al integration that balance
automation with hands-on learning, ensuring that Al
complements rather than replaces engineering competencies.
Faculty engagement is key, not only in adopting Al themselves
but also in guiding students toward responsible and effective use.

By bridging the Al adoption gap, educators can lead the change
rather than react to it, positioning themselves as mentors who
ensure Al strengthens rather than diminishes the value of applied
engineering education.

Key Presentation Points:

e  Current Al Adoption Trends in Higher Education
o Comparison of Al usage among students vs. faculty

o  Common Al tools used in engineering technology
education

e  Challenges of the Faculty-Student Al Gap

o Risks of slow faculty adoption in applied
engineering fields

o Impact on curriculum design and student learning
outcomes

e Al's Potential in Engineering Technology Education
o Al as astudy and problem-solving assistant

o Al for administrative efficiency (grading,
scheduling, analytics)

e  Balanced Al Use

o Preventing over-reliance on Al in assessments and
coursework

o Adapting evaluations to focus on non-automatable
skills (critical thinking, engineering design)

e  Faculty Leadership in Al Integration
o Developing Al literacy and setting usage guidelines

o Case studies on Al-enhanced instruction in
engineering technology

e Implications for ATMAE Professionals

o  Preparing students for Al-driven industries while
preserving hands-on skills

o  Ensuring Al enhances, not replaces, human
expertise in applied engineering
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Implementing Virtual Reality in an Engineering Design
Technology Program In Higher Education

Dr. Roya Azimzadeh, University of Central Missouri; Gina
Eairheart, M.S., University of Central Missouri; Paul Brown,
M.S., University of Central Missouri

Advancements in technology have transformed engineering
design education, with Virtual Reality (VR) playing a key role. VR
provides immersive, interactive experiences that help students
engage with complex models, visualize designs in 3D, and
simulate real-world conditions. Integrating VR into engineering
curricula is essential for preparing future designers with the
necessary skills for a technology-driven industry.

This presentation will focus on integrating VR into engineering
design technology programs in higher education. We will explore
how VR enhances student learning through immersive
simulations, virtual prototyping, and collaborative design
exercises. Key examples will include interactive modeling, virtual
walkthroughs, and hands-on practice with engineering systems.
Additionally, we will discuss the challenges and opportunities of
adopting VR in academia, offering practical advice for effective
implementation in engineering design technology programs.

This presentation will include the integration of emerging
technologies, specifically VR, into engineering design education.
Attendees will learn how VR can enhance curricula by creating
engaging learning environments and fostering essential skills
such as innovation, problem-solving, and teamwork. Practical
guidance will be provided on incorporating VR tools and
preparing faculty and students for success in a VR-enhanced
curriculum.

Major Points:
e Overview of VR in engineering design technology
programs
e How VR improves learning with simulations and virtual
prototyping

e  Benefits of VR for experiential learning and practical
design experience

e Challenges and solutions for integrating VR into curricula
e Recommended VR tools for academic use

e Effective pedagogical strategies for teaching engineering
design with VR

e  Future trends in VR technology and its impact on
engineering education

This presentation aims to inspire ATMAE members to integrate
VR into their engineering design technology programs, enhancing
education and preparing students for the evolving engineering
profession.
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Zero Trust Architecture (ZTA) for Securing loT Networks:
Challenges and Implementation Strategies

Dr Firoz Khan, Ball State University

The rapid proliferation of Internet of Things (loT) devices has
significantly expanded the attack surface for cyber threats,
necessitating a paradigm shift in security strategies. Traditional
perimeter-based security models are insufficient for loT
ecosystems due to their dynamic, distributed, and resource-
constrained nature. This paper explores the adoption of Zero
Trust Architecture (ZTA) as a security framework for loT
environments, emphasizing its principles of least privilege access,
continuous authentication, and micro-segmentation. We analyze
the challenges of implementing ZTA in loT networks, including
computational overhead, interoperability issues, and device
identity management. Furthermore, we propose a model that
integrates Al-driven anomaly detection and blockchain-based
identity verification to enhance the feasibility of ZTA in loT
security. The study concludes with recommendations for future
research and best practices in designing a scalable, resilient, and
secure loT infrastructure.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Thursday | 1:00 PM | Promenade 1

Use of Wayfinding Technologies to Improve Safety in Airport
Terminals at Large Hub Airports

Dr. I. Richmond Nettey, College of Aeronautics and
Engineering, Kent State University

As a technological system, "wayfinding refers to information
systems that guide people through a physical environment and
enhance their understanding and experience of the space" (RSM
Design, 24 May 2024). In this context, wayfinding is
indispensable to the effective purposeful movement of large
volumes of pedestrian and vehicular traffic in complex spaces
such as the airport terminal complex, which comprises airside
facilities such as runways and taxiways, and landside facilities,
which comprise terminal buildings and the ingress and egress
infrastructure for vehicular traffic.

The proposed presentation will focus on using wayfinding
technologies to enhance safety in airport terminal buildings at
large hubs, which serve several billion passengers each year in
multiple terminal buildings with even larger numbers of
concourses and aircraft boarding gates. By definition, a large
hub serves at least 1% of total passenger enplanements in a
year, which translates into 9.8 million passengers in 2024. Few
cities in America have a population of 9.8 million people, yet in
2024, 30 US airports, as large hubs, served over 9.8 million
passengers (NPIAS 2025-2028)
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The Airports Council International World and International Civil
Aviation Organization released a joint Passenger Traffic Report,
Trends, and Outlook, which stated that in 2024, “global air
passenger traffic reached a record high, with projections
estimating around 9.5 billion passengers, surpassing pre-
pandemic levels” (https://aci.aero/2025/01/28/joint-aci-world-
icao-passenger-traffic-report-trends-and-outlook/ Montreal, 28th
January 2025). In 2024, there were 987,205,000 revenue
passenger enplanements in the U.S.
(https://www.transtats.bts.gov/traffic/).

This presentation will discuss using wayfinding technologies to
enhance safety for airline passengers traveling through airport
terminals. The safe and efficacious movement of passengers and
employees through airport terminal buildings can be enhanced
by the four types of wayfinding signs: identification, directional,
informational, and regulatory (https://eptura.com), which can
help with “knowing where you are, where you're headed, how to
get there, how to recognise when you're there, and when
needed, how to find your way out of a place”
(https://inclusive.sa.gov.au).

As software applications that interact electronically with
technological systems embedded in signage and other display
systems in airport terminal buildings, wayfinding technologies
can be helpful to passengers and other users of airport terminal
buildings in routine navigation from one transit gate to a
boarding gate, and in critical situations that involve the
emergency evacuation of airport terminal buildings in limited
amounts of time or with directing passengers away from
concourses or other sections of the airport terminal building.
The software apps can also augment the p.a. systems.

In the critical situations where traveling families and passenger
groups are unable to comprehend or follow emergency
instructions in English or in the primary language being used in
the overhead public address announcement speakers in the
airport terminal building, wayfinding technologies in the form of
customized applications on smartphones and tablets can
enhance safety significantly. In sum, “wayfinding isn’t just a way
to traverse a landscape, it’s also a matter of safety.”
(https://humansandnature.org). The presentation will conclude
with uses of wayfinding at large US hubs.

personalization. This distinction is especially helpful in
classrooms made up of students with diverse backgrounds,
experiences, learning styles, and needs (Alessandra, 1998).

The RNL Student Success Inventory (SSI) is a national survey that
helps institutions identify student motivational factors, priorities,
and satisfaction rates (Student Success, n.d..). Utilizing insights
from the Student Success Inventory Survey further strengthens
the Platinum Rule approach by allowing educators to get to know
our student populations. By examining data trends, such as
common barriers to learning, students’ preferred learning
methods, or areas where they feel disconnected, teachers can
better understand how to adapt their teaching to meet those
needs. The result is a classroom where students not only feel
seen and respected but are also more likely to participate,
persist, and thrive.

Incorporating the Platinum Rule alongside student success and
satisfaction data provides a strong framework for intentional
teaching to enhance student engagement and success. This
session will focus on understanding the Platinum Rule and how it
can be applied to the classroom and will present strategies and
suggestions to apply the principles of the Platinum Rule to
support the unique needs of today’s learners, strengthen
classroom communication, and foster a more comprehensive
learning environment.

After the session, attendees will be able to:

e Discuss the Platinum Rule and its value in educational
settings.

e Interpret trends for student success and satisfaction data
to identify student needs and tailor teaching approaches
accordingly.

e  Create teaching strategies that align with individual
student preferences and will support student
engagement, motivation, and achievement in the
classroom.
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Listen, Learn, Lead: Leveraging the Platinum Rule in the
Classroom

Dr. Justina Buck, University of Arkansas- Fort Smith; Professor
Monique Bracken, University of Arkansas- Fort Smith

In today’s ever-evolving and dynamic educational environment,
applying the Platinum Rule, “Treat others the way they want to
be treated,” can dramatically change the way educators engage
with students and encourage success in the classroom. Unlike
the Golden Rule, which promotes treating others how we would
want to be treated, the Platinum Rule shifts the focus away from
one’s own perspective to create understanding and

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
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A family of Low Power Integrated Circuits for Biomedical
Applications in CMOS 180nm Technology

Dr. Anindita Paul, Morehead State University

Biomedical signals, such as those from Electrocardiogram (ECG),
Electroencephalogram (EEG), or Electromyography (EMG), are
often very small in amplitude, making them susceptible to noise
and interference. A high input impedance in amplifying circuits is
crucial to prevent signal attenuation and maintain signal integrity
by minimizing current drawing from the source. Furthermore,
biomedical applications often require battery-powered or low-
power devices. The power source of battery-operated portable
electronic medical devices also limits the supply voltage.
Moreover, the key limitation of analog integrated circuits in
modern state-of-the-art submicron CMOS technologies is the
limited supply voltage due to the low junction breakdown
voltage of the high-density process and the thin gate oxide,
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which is prone to voltage stress and breakdown. Switched
capacitor (SC) based circuits are valuable in biomedical
applications because they offer advantages like low power
consumption, high input impedance, and compact size, making
them suitable for portable and implantable devices, while also
enabling precise signal conditioning and data conversion. SC
circuits can be used to implement various signal conditioning
functions like amplification, filtering, and integration, which are
essential for processing biological signals. The SC circuits are
frequently used in analog-to-digital converters (ADCs), which are
essential for converting biomedical signals into a digital format
for processing and storage. The ability to integrate SC circuits into
small form factors is crucial for implantable devices and wearable
sensors, which are increasingly common in biomedical
applications.

In this research SC based low voltage amplifier, and filters are
proposed. A novel low voltage based operational amplifier was
used to implement the circuit. The proposed low voltage and SC
amplifier and filter were simulated using the Cadence Virtuoso in
a commercial 180nm CMOS technology. This technology has a
nominal Vsupply=1.8V and nominal threshold voltages for NMOS
and PMOS are VthN=|VthP|=0.55V. The circuit was designed to
operate with dual supplies VDD= -VSS=0.45V (50% of the
nominal supply) ground as mid-supply voltage, 20uA bias
current,

The amplifier was designed for an amplification factor
G=Cin/Cf=1,2,3. A 200kHz, 500mV, 200mV and 100mV input
signals are used for Gain 1,2 and 3, and a 2MHz clock are used
for simulation. The op-amp offset voltage Vos was 30mV. The
transient simulation shows that the slew rate requirement of the
op-amp in proposed technique is highly relaxed as compared to
the transient response of the conventional low voltage SC
amplifier built with conventional class A Amplifier.

The second proposed circuit is low pass filter was designed for a
cutoff frequency fcutoff=50kHz. The circuit was controlled by a
non-overlapping clock generator circuit operating with a clock
frequency fclk=5MHz. The switched capacitors Cin=Cf=1pF
perform as resistors with values Rin=Rf=200kQ. On the other
hand, capacitor C=15.9pF in combination with the equivalent
resistance value yields to the filter’s cutoff frequency
fcutoff=50kHz. The circuit is validated through the simulation.

This presentation will discuss the following:

e  Motivation Behind Design

e  Current Options

e  Proposed Solutions

e  Experimental/ Simulation Results

e  Conclusions to culminate the presentation
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Navigating Safety Standards and Innovation: Integrating
NFPA 2 with Emerging Hydrogen Technologies in Project
Silver Vanguard

Mr. Wayne Mackey, Mackey Training Advising Compliance, LLC

Hydrogen technologies are at the forefront of energy innovation,
offering scalable solutions to decarbonize transportation,
industry, and power generation. However, adopting hydrogen
systems requires rigorous safety oversight and regulatory
alignment, particularly with standards such as the National Fire
Protection Association’s NFPA 2 — Hydrogen Technologies Code.
This presentation explores the intersections of safety,
engineering education, and innovation within hydrogen
ecosystems, using Pivot Track: Silver Vanguard as a case study for
applied research and workforce development.

NFPA 2 provides the foundational framework for the safe
production, storage, transfer, and use of hydrogen. As interest in
hydrogen expands across public and private sectors, educational
institutions, training programs, and industry leaders must
proactively integrate these safety codes into project planning,
infrastructure design, and technical instruction. This is
particularly relevant in forward-deployed environments and rural
commercial settings where logistical complexities and
infrastructure gaps pose unique challenges.

Pivot Track: Silver Vanguard is an interdisciplinary initiative that
addresses these needs by merging Department of Defense
logistics expertise, hydrogen infrastructure planning, and STEM
education. Our project creates synergistic training cohorts that
prepare students and professionals to operate within hydrogen-
based systems while maintaining compliance with NFPA 2 and
related regulatory frameworks. The curriculum incorporates
emerging technologies such as Al-assisted diagnostics, predictive
maintenance for hydrogen-powered systems, and real-world case
studies in tactical and remote commercial applications.

Through this initiative, we investigate how NFPA 2 can be
practically implemented in dynamic environments, including
forward operating bases and rural hydrogen corridors. We
address challenges in hydrogen storage, high-pressure gas
transport, and safety system design—particularly in scenarios
involving military-grade tactical vehicles and remote commercial
fleets. Furthermore, our program emphasizes the importance of
workforce readiness by introducing OSHA-based safety training,
technical certifications, and compliance protocols tailored for
hydrogen technologies.

Attendees will gain insights into:
e  The structure and application of NFPA 2 in hydrogen
infrastructure projects.

e  Strategies for integrating safety codes into logistics
training and STEM curricula.

e A systems-level view of Silver Vanguard as a replicable
model for hydrogen workforce development.
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The role of public-private partnerships in bridging technological
adoption and regulatory compliance.

Our presentation aims to spark dialogue on the critical balance
between innovation and safety in the energy transition and to
empower technical educators and program developers to
prepare the next generation of hydrogen specialists.
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Optimizing Manufacturing with Al-Enhanced CNC
Programming

Dr. John Wyatt, Mississippi State University

Artificial Intelligence (Al) is increasingly transforming CNC
(Computer Numerical Control) programming by automating and
optimizing key aspects of the workflow. Traditionally, CNC
programming has required significant manual input, technical
expertise, and time to convert design files into efficient
toolpaths.

One of the primary areas where Al is making an impact is in
automated toolpath generation. Machine learning models
trained on historical machining data can predict optimal cutting
strategies, feed rates, and tool selections tailored to specific
materials and geometries. This not only reduces programming
time but also improves machining efficiency and surface finish
quality.

Al is also enhancing feature recognition in CAD/CAM systems. By
intelligently identifying pockets, holes, contours, and other
features, Al-enabled software can automatically apply
appropriate machining operations, reducing the need for manual
intervention. Moreover, natural language processing (NLP) is
being explored to allow programmers to describe operations in
plain language, which Al systems can then translate into G-code
or CAM strategies.

Overall, Al is shifting CNC programming toward a more intuitive,
automated, and adaptive paradigm. While human expertise
remains essential, Al serves as a powerful assistant—accelerating
workflows, reducing errors, and unlocking new levels of
productivity and precision in modern manufacturing.

has been accepted and applied in aerospace, automotive and
some other leading industries to realize significant savings,
quality and schedule improvements. It embraces current
technologies based on various engineering disciplines including
3D CAD/CAE/CAB, math and behavior modeling and simulation,
agile model-based systems engineering, Al & machine learning,
factory automation, additive manufacturing (3D printing), and
virtual & augmented reality (VR & AR). This presentation is to
demonstrate a comparison study on the performance of an Al-
driven manufacturing inspection system. It examines the results,
significance of impact, feasibility, and flexibility in implementing
Al technologies in real world manufacturing systems.

The presentation is to introduce and demonstrate a comparison
study on the performance of an Al-driven manufacturing
inspection system. With the integration of machine learning
algorism, a powerful Al sensor can adapt to real production
needs with high sensitivity and accuracy. The presentation will
introduce the Al-driven manufacturing inspection system with its
development, structure, features, and HMl interface. The
implementation of the system in a production line, data
collection process, study design, and result analysis will be
explained.

The presentation will bring a comparison study of a Al-driven
system on factory floor that studies and reflects the impact of
digital engineering strategy in industry to the ATMAE audience.
The technology involved, problems encountered, solutions, and
real-time data collection and statistic analysis will be presented.

Major points:
e Background and introduction
e Hardware and software development
e Data collection and evaluation

e  Statistical analysis results

e  Conclusion and discussion
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A comparison study of an Al-driven manufacturing solution
for quality control

Dr. Yugiu You, Ohio University; Luke Garrett, Ohio University;
Mustafa Shraim, Ohio University

As defined by the Department of Defense, “digital engineering is
an integrated digital approach that uses authoritative sources of
systems data and models as a continuum across disciplines to
support product lifecycle activities from concept through
disposal”. Digital engineering (DE), as an engineering strategy,
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Human + Machine: Reimagining the Workforce in the Age of
Al Manufacturing

Dr. John Wyatt, Mississippi State University

As Al transforms manufacturing processes, it’s also reshaping the
role of the human worker. This session explores the changing
relationship between people and machines on the factory floor,
focusing on collaborative robots, Al-assisted decision-making,
and the new skills demanded by hybrid work environments. We'll
discuss both the opportunities—like augmentation and safer
workspaces—and the challenges, including workforce
displacement and ethical concerns. Attendees will leave with a
clearer understanding of how to support a human-centered
transition to intelligent manufacturing.
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Self-navigation of Unmanned Aerial Vehicles Using Real-
time Visual SLAM

Anirudh Balmuri, Eastern lllinois University; Dr. Wutthigrai
Boonsuk, Eastern Illinois University; Shiva Prasad Kotla

Self-navigation is an essential feature for various types of
autonomous vehicles, such as mobile robots, unmanned aerial
vehicles (UAVs), unmanned underwater vehicles (UUVs), and
driverless cars. For decades, Light Detection and Ranging (LiDAR),
a method of measuring distance by calculating the time when
reflected light returns to the receiver, has been a de facto
standard for an autonomous vehicle’s sensor. The primary
function of this sensor is to provide distance information for
determining the vehicle’s location within its surroundings
through a common method known as Simultaneous Localization
and Mapping (SLAM). However, one significant drawback of
LiDAR is its high cost, especially when speed and accuracy are
crucial. Recently, there has been a development of a different
SLAM technique called Visual SLAM that utilizes image data from
affordable camera sensors. This innovative approach has
demonstrated substantial promise and reliability, with various
algorithms for Visual SLAM, such as ORB-SLAM3, OpenVSLAM,
and RTABMap, being integrated into the Robot Operating System
2 (ROS2). Visual SLAM presents a viable alternative to traditional
LiDAR solutions. However, despite its potential, there is a strong
need to rigorously evaluate Visual SLAM algorithms in real-world
settings, both indoors and outdoors, using actual vehicles. This
research study aims to investigate the effectiveness of Visual
SLAM in real-world environments. To achieve this, an aerial
vehicle (drone) is constructed, onto which the ORB-SLAM3
technique is applied. A variety of cameras—including an FPV
camera, a stereo camera, and an RGB-D camera—are utilized to
test different types of images. A small form factor computer is
installed on the drone to run ROS2 and build a map of the
environment. The study verifies the algorithm's robustness
across different environments and configurations, such as
indoors, outdoors, unstructured areas, dense urban areas, and
high and low-contrast areas. This study can benefit researchers,
hobbyists, and educators in engineering or related fields looking
for alternative approaches to SLAM and self-navigation.

Major Points:

e Simultaneous Localization and Mapping (SLAM)

e  Robot Operating System 2 (ROS2) and ROS navigation
stack (Nav2)

e Implementation process to integrate Visual SLAM on a
UAV

e The experiment results of using Visual SLAM for self-
navigation
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Measuring safety procedures with computer vision
technologies

Elijah Bouwman, lowa State University; Dr. Gretchen Mosher,
lowa State University

Computer vision technologies are considered a low-cost method
for non-contact monitoring and surveillance. This study analyzed
the use of computer vision techniques to identify personal
protective equipment (PPE) compliance and proper entry
procedures in a restricted area by visitors and maintenance
workers in a public feed mill. Initial results showed that, despite
training and signage, most entrants to the facility did not follow
the proper entry procedure. Using a Haar-cascade detection
approach, the goal was to compare an input image from a web or
security camera to a predefined image. In this project, the goal
was two-fold: to identify that appropriate entry procedures were
used and to identify and confirm the use of PPE where
appropriate.

The application of computer vision technology is relevant to the
ATMAE audience, as the tools may be applied in many contexts.
The application, in this case, is in safety and biosecurity
scenarios, but the prevalence of computer and machine vision in
various industrial applications, from adaptive robots to quality
control and ergonomics, continues to grow. This presentation will
highlight one application of the technology. The wider
application offers the ability to collect data on real-time process
for more accurate, data-driven decisions to be made in safety
and for other workplace processes.

Major Bullet Points:

e  Background about the setting and its unique population

e Introduction of computer vision as a means of measuring
difficult-to-track processes

e  Haar-Cascade Detection model usage
e  Presentation of initial results

e Implications of results

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING
Friday | 11:30 AM | Directors 6

Implementation of Extended Reality (XR) and Virtual Reality
(VR) in teaching Lean and Project Management: A Showcase

Dr. Suhansa Rodchua, U. of Central Missouri; Kruthiik Majeti;
Sharon Wambui Ogwangi; Kruthiik Majeti; Sharon Wambui
Ogwangi

Artificial Intelligent (Al) highly impacts many areas on today’s
academia and industry. Extended Reality (XR) is a major part of Al
used in students’ learning and engagement. The course designer
can properly use computer technology and hardware to create
activities between human and machines working together
through virtual environment. Through XR and simulation,
students can learn from the reality without exposing to the risk
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of trial and error; together with fun, engaging, and creative
learning experience. The problem statement of this study is that
our institution is new to XR/VR innovative course development;
there is rarely any new course materials and assignments
creating in the virtual environment, especially graduate courses
in Industrial Management and Technology programs.

The purpose of this study is to showcase effective course
materials XR design for teaching courses in Lean Six Sigma and
Project Management for graduate programs in the School of
Industrial Sciences & Technology. The authors have used different
types of software (e.g. Enscape, Arkio,..) in the development of
course materials and assignments. The major points of this study
presented as follows.

e Definition and differences of Extended reality (XR),
Augmented Reality (AR), Virtual Reality (VR) and Mixed
Reality (MR)

e Types of software and hardware used in designing XR for
classrooms

e Showcases of XR course materials and assignments design
for the courses in Lean Six Sigma and Project
Management. Related topics are included, but not limit
to, waste reduction, error proofing, virtual visit to Lean
facilities, project planning and scheduling.

e Challenges and issues in design and develop new course
materials for education

e  Good practices and technology on incorporating XR/VR
materials in the classroom

The technologies of 5G and Al integration strongly affect to the
development of in XR and VR in the classroom, together with
ethical concerns and high costs of wearable devices (e.g. 3D
headset, smart Hololens, and wearable glass). Despite these
issues, the benefits of XR and VR implementation by blending
digital and real-world experiences are massive to learners’
motivation, creativity, and engagement. This will shape the
future of innovative products/services to education, healthcare,
military training, and others. Specifically, students in the Lean Six
Sigma and Project Management courses will be able to
understand the process in the real time guidance onto
equipment, set up time-on-task and schedule planning, correct
the errors, and improve efficiency of systems in any industrial
settings.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Wednesday | 10:30 AM | Directors 3

Interactive Framework of University-Industry Collaboration
for Workforce Development

Dr. Suranjan Panigrahi, Purdue University

Academia (especially applied engineering units) and industrial
counterparts need each other. The applied engineering related
academic units prepare the students as the next generation
workforce for the industries. As the technologies are changing
rapidly, the existing model and framework for workforce

development is not working effectively in many cases. The
technologies students learn in the 1st or 2nd year of their
academic program gets outdated by the time they graduate. As
the life time of the advanced and emerging technologies are
becoming shorter, it is becoming important for the employees to
learn the new technologies on a continuous basis. At the same
time, it is also challenging for the industries to invest in emerging
technologies to solve their problems. Thus, this presentation
reflects an interactive university-industry collaboration
framework for effective workforce development and to enhance
competitive advantage of the industries. The existing frameworks
for university and industry collaborations for workforce
development will be presented. The associated challenges will be
presented. The new interactive framework for university and
industry collaboration with emphasis on work force development
will be outlined. The salient features of the new framework
including industrial member serving as advisory board member
in academia, part-time faculty fellow in industry, experiential
learning for the students via project-based learning curriculum
developed at the university will be highlighted. In addition, frame
work where the academic unit (applied engineering) can also
serve as remote training and solution center will be discussed.
The associated advantages and challenges will be discussed. The
presenters’ experience in the above-described aspects will be
summarized.

Presentation highlights:
e Introduction — University industry collaboration and
workforce development
e  Current frame work
o  What is working and what is not
e Objectives of this presentation

o New interactive university-industry collaboration
framework

e Workforce development
o Summary of the existing framework
o Lessons learned

e New Interactive framework
o  2-way path

e Industrial members - serving in selected roles in
academia

e  Faculty fellow working in industry — part time

e  Experiential learning — a pathway for training the
workforce

e  Remote training and solution center in academic unit —
applied engineering

e Advantages and disadvantages
e Presenter’s related experience

e  Summary and conclusions
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INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Wednesday | 11:30 AM | Promenade 1

Manufacturing Labor Shortages - Regional Hotspots
Dr. Erin Arneson, Wayne State College

The U.S. manufacturing industry is facing a growing labor force
crisis. Currently the fifth-largest employer in the U.S., the
manufacturing industry employs nearly 13 million American
workers. However, economic challenges and workforce
demographics have hindered employment growth. According to
the Manufacturing Institute, about 1.4 million manufacturing
jobs were lost during the COVID-19 pandemic - exacerbating an
existing labor shortage. The U.S. Bureau of Labor Statistics (BLS)
reports that employment in the U.S. manufacturing industry in
2025 still falls short of pre-pandemic numbers. Additionally, the
BLS reports that nearly 25% of the manufacturing workforce is
age 55 or older. Beyond the labor shortage facing the U.S.
manufacturing industry broadly across the national level,
manufacturing employment fluctuates widely at the regional
level. This study will identify and map regional manufacturing
employment shortage “hotspots” — regions where the lack of
skilled workers for in manufacturing industry is most
pronounced. Publicly available county-level labor market data
will be collected from the Bureau of Labor Statistics (BLS)
‘Quarterly Census of Employment and Wages’ and the U.S.
Census Bureau ‘American Community Survey.” The geographic
information system (GIS) software ArcGIS will be employed to
create a visual map representation of these labor shortages.
Ultimately, strategic workforce planning and development for the
manufacturing industry can only be effective if the scale of the
challenge can be assessed. The results of this regional study are
intended to help manufacturing companies identify locations
facing the most extreme gaps in labor supply and demand.

working long hours at the job site and teamwork are the most
highly valued commitments.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Wednesday | 1:30 PM | Directors 6

Identifying construction job profiles and qualifications in
Eastern Kentucky Appalachia

Dr. Tathagata Ray, Morehead State University

We undertook a project to examine the job profiles,
qualifications, certifications, and expectations associated with
various types of large-scale construction projects. We reached
out to several industrial, commercial, and government
contractors, including those from the Kentucky Department of
Transportation, in the Eastern Kentucky Appalachian Region. We
interviewed them about (a) the training and/or registration of
the key personnel working there, (b) what firm led the design of
any ongoing project and who is doing the construction, (c) any
subcontractors present on site, and (d) qualities, qualifications,
and certifications they are looking for new hires. Our findings
suggested that a Construction Management Degree with LEED
certification is the most preferred qualification. Furthermore,

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 8:30 AM | Promenade 2

Generative Al in Data Analytics: From Predictive Models to
Creative Intelligence

Amitava Bose Bapi, University of Pikeville

The emergence of Generative Al is transforming the landscape of
data analytics, moving beyond traditional predictive models
toward systems capable of generating meaningful outputs—
narratives, code, dashboards, and visuals—directly from data.
Tools such as ChatGPT, DALL-E, and other large language models
(LLMs) are reshaping the role of the analyst, enabling a more
interactive, creative, and accessible approach to working with
data.

This presentation explores how generative Al augments
analytical workflows in academic, research, and institutional
settings. It highlights practical use cases including automated
report writing, code generation for data analysis, and dashboard
creation via natural language prompts. In doing so, it positions
generative models as collaborators rather than replacements—
enhancing human decision-making, speeding up repetitive tasks,
and making insights more communicable to non-technical
stakeholders.

The session will include live demonstrations and conceptual
frameworks to help educators, researchers, and data
professionals integrate generative tools into their practice.
Ethical considerations such as transparency, bias, and human
oversight will also be discussed, offering a balanced view of both
the potential and limitations of this rapidly evolving field.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 8:30 AM | Promenade 1

Designing Industry 4.0 Learning Environments: Balancing
Technical Innovation and Aesthetic Appeal

Dr. Sergio Sgro, Eastern Kentucky University

Manufacturing education is at a critical point as Industry 4.0
technologies transform production environments worldwide.
Educational institutions face the dual challenge of integrating
advanced technical capabilities while reimagining physical spaces
to attract a generation accustomed to contemporary workplace
aesthetics. Traditional manufacturing labs—often characterized
by utilitarian designs, poor lighting, and segregated equipment—
no longer reflect the integrated, digitally-enhanced environments
of modern industry.

This presentation proposes a comprehensive framework for
designing educational spaces that effectively balance technical
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innovation with aesthetic appeal. We identify four core
technology areas requiring dedicated representation: loT
connectivity infrastructure, collaborative robotics stations, digital
twin simulation areas, and advanced manufacturing
demonstration zones. These technical elements must be
integrated within spaces that embody contemporary design
principles, including transparency of learning processes,
abundant natural light, thoughtful color psychology, and flexible
floorplans that accommodate evolving pedagogical approaches.

Challenges to successful implementations across community
colleges and universities reveal consistent patterns in effective
design strategies. We examine how institutions partnering
directly with industry stakeholders have achieved particularly
noteworthy results, with documented increases in program
enrollment, student retention, and industry placement rates. The
aesthetic transformation of these spaces—moving from closed,
compartmentalized layouts to open, collaborative
environments—has proven equally important as the technical
upgrades themselves.

Implementation challenges remain significant, particularly
regarding budget constraints and the need for unique and
phased transformation approaches. We outline practical
strategies for institutions at varying resource levels, including
creative funding pathways through industry partnerships,
government grants, and alumni engagement. The evidence
suggests that even modest aesthetic improvements, when
strategically implemented alongside technical upgrades, can
dramatically shift student and community perceptions of
manufacturing programs.

As manufacturing continues its technological evolution,
educational environments must serve as bridges between
current industry practices and future innovations. The most
successful spaces function simultaneously as technical training
facilities, innovation laboratories, and compelling recruitment
tools. By deliberately balancing technical requirements with
evidence-based design principles, institutions can create learning
environments that not only prepare students for Industry 4.0
careers but also inspire them to envision and create the
manufacturing landscapes of tomorrow. Educational leaders
must recognize that in the competition for talent, the physical
environment itself has become a critical factor in program
success and sustainability.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 8:30 AM | Directors 3
Integrating OMG Certification into workforce development

Mr Sivaganeshwar Subramaniam, Wichita State University; Dr
Adam C. Lynch, Wichita State University; Dr JaeHwan Byun,
Wichita State University; Pedro Cupertino, Wichita State
University

Background: The technology driven organizations of today
require their workforce to be competent in designing, managing,
and optimizing business processes with high accuracy and
andragogy. The Business Process Modeling (BPM) 2 certification
offered by the Object Management Group (OMG) provides a
standardized structured framework, starting from the
fundamental level all the way up to the advanced level, for the
purpose of addressing the competency gap within the workforce.
Although BPM 2 is being adopted by industries, it is still lacking in
implementation within the academic space consequently related
workforce development programs.

Purpose: This study explores the integration of the BPM 2
Certification by OMG into a workforce development curriculum
for the purpose of improving proficiency in process modeling in
addition to implementing systems thinking and decision-making
skills. The aim is to align academic outcomes with real-world
industry expectations through the leveraging of the standardized
structure of the OMG BPM 2 certification framework. Using the
four levels of the Kirkpatrick Model and the IEEE Learning
Engineering framework, the development program can be
repeatable and driven by data to improve the learning
experience and effectiveness.

Method: A curriculum is developed using the key topics of the
OMG BPM 2 certification as a basis, along with its semantics,
jargon, framework, executable process, modeling, diagrams, and
process orchestration to an applied learning module. The IEEE
Learning Engineering principles guided the instructional design
which includes iterative feedback loops on learner’s analytics and
performance outcomes. The impact of the program was
evaluated according to the four levels from the Kirkpatrick
Model, specifically on learner satisfaction, knowledge accretion,
change in on the job behavior, and organizational results that are
measurable.

Results: Participants of the workforce development course
increased their proficiency in effectively using OMG BPM
elements. This includes demonstrating an understanding of
workflow patterns and applying business rules to process
modeling along with its best practices. The certification aligned
course provided a standardized structured framework as a
learning path, and the advanced module allowed participants to
demonstrate competency in handling errors, event subprocesses,
and modeling execution. The feedback loops from the IEEE
Learning Engineering framework proved useful in the refinement
of instructional delivery based on measurable performance
analytics from student outcomes.

Conclusion: Developing a workforce development course that
aligns with the OMG BPM certificate provides a standardized
structured framework as a pathway for business and technical
disciplines. The synthesis of the Kirkpatrick Model and IEEE
Learning Engineering framework offers a comprehensive
approach to the instructional design of OMG BPM certification
into an applied learning environment.

Keywords: BPM 2, OMG Certification, Workforce Development,
Kirkpatrick Model, Learning Engineering, Instructional Design.
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INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 11:00 AM | Directors 6

Succession Planning for Underrepresented Groups in the
Construction Industry

Dr Eli Aba, UW-Stout; Dr. Chang-Ray Chen; Turner, Tasha-
Rene, M., former student at UW-Stout

This study examined the critical gaps in succession planning and
diversity, equity, and inclusion (DEI) initiatives within the
construction industry, focusing on the underrepresentation of
minority groups in leadership roles. By analyzing data from 127
general contractors on the 2023 ENR Top 400 General
Contractors list, the research identified systemic disparities, such
as limited board diversity and the absence of mentorship
programs. The findings underscored the need for targeted
interventions, including structured mentorship, pipeline
programs, and DEIl metrics integrated into organizational
strategies. The research also highlighted the potential impact of
recent policy changes, such as the reversal of affirmative action
and the proposed elimination of DEI requirements, urging
companies to adopt internal accountability measures to sustain
inclusive leadership pipelines. The recommendations aimed to
align DEI with strategic business imperatives to foster equitable,
innovative, and sustainable growth in the construction sector.

The audience will learn about the advantages of using
consumable 3D printed molds in injection molding, including
increased design flexibility, reduced lead times, and cost savings
in prototyping and small-batch production. The implications for
manufacturers and product designers, as well as the potential
impact on future manufacturing trends, will be discussed.

Major Points:

e  Consumable 3D printed molds offer cost-effective, rapid
prototyping solutions for injection molding.

e  Additive manufacturing enables the creation of complex
geometries that are difficult to achieve with traditional
mold fabrication.

e  Manufacturers benefit from reduced lead times, increased
flexibility, and faster time-to-market.

e The integration of 3D printed molds in injection molding
processes has the potential to transform product
development and small-scale manufacturing.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 11:00 AM | Promenade 1

Modernizing Injection Molding: Enhancing Flexibility and
Efficiency with Consumable 3D Printed Molds

Troy Dolphin, lowa State University; Dr. Saxon Ryan, lowa
State University; Aidan Crispin

In today’s rapidly evolving manufacturing industry,
manufacturers are constantly seeking innovative solutions to
reduce costs, improve efficiency, and accelerate product
development. One such advancement is the use of consumable
3D printed molds for injection molding, offering a flexible and
cost-effective alternative to traditional mold fabrication. This
work explores the integration of 3D printed molds in injection
molding processes, highlighting their ability to shorten lead
times, reduce material waste, and enable rapid prototyping for
low-volume production. By leveraging additive manufacturing
technologies, manufacturers can create customized molds with
complex geometries that would be difficult or expensive to
achieve using conventional methods. This approach not only
enhances design flexibility but also allows for quick iteration and
modification during the product development phase. Case
studies demonstrating successful applications of consumable 3D
printed molds will be presented, showcasing their potential to
improve manufacturing ability. Additionally, the study examines
the implications of adopting 3D printed molds for both product
designers and manufacturers, shedding light on their growing
role in modern injection molding processes.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 11:00 AM | Directors 3

Driving Innovation, Interest, and Impact: A Proven Case-
Study in Public-Private Workforce Partnerships

Dr. John Haughery, Millersville UniversityJohn Bridgen,
Precision Cobotics, LLC

How can workforce partnerships effectively bridge industry skill
gaps, strengthen regional economies, and enhance educational
opportunities? This session offers a tangible case study of one
such program, Robotic WorX, that has brought together private
industry, public educational institutions, local community groups,
regional workforce development boards, and state economic
development departments towards the development of a
sustainable talent pipeline preparing high school and university
students for high-demand careers in automation and
manufacturing. The program has empowered students to engage
in iterative prototyping, feasibility testing, and financial
justification exercises—key skills necessary for technology-driven
innovation in industry settings. By combining academic research
with real-world applications, the Robotic WorX program provides
a structured framework for Proof-of-Concept (PoC) development,
allowing students to explore the engineering design process
while addressing practical industry challenges and offering
industry stakeholders answers to technical and workforce needs,
and supporting the talent pools and economic growth potential
in manufacturing. Additionally, the program’s financial
justification component helps industry to assess the return on
investment (ROI) of new automation solutions.

Beyond workforce development, this initiative fosters a culture of
continuous learning and technology innovation, bridging the gap
between academia and industry by explicitly empowering
students to be leaders in the program—enabling them to grow
their hard- and soft-skill acumen. Additionally, involved educators
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stay at the forefront of industry advancements, updating
curricula to reflect evolving trends in automation, robotics, and
Al-driven manufacturing. Outcomes of the program are
presented, including engaging 1,800+ individuals (50+
internships, ~30 job shadows, 330+ lab tours, 1,250+ on-site
presentations, 50+ industry tours, and 100+ hands-on
experiences) for middle schoolers, high schoolers,
undergraduates, school faculty, and community groups; raising
nearly $930,000 (~$40K in cost-share, $660K+ in grants, and
$230K+ in in-kind contributions); significantly raising participants’
STEM Experience, Project/Team, Career Motivation, and Career
Pathways metrics (all p-values < 0.0500); and reaching an
international audience. This presentation equips educators,
industry professionals, and economic development leaders with
a scalable model for how results were accomplished and how
actionable steps can build impactful workforce collaborations
that drive technological innovation and regional economic
growth.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 11:30 AM | Directors 3

Developing an Employer Relations Program: Strategies for
Success

Dr. Jennifer Warrner, Ball State University; Dr. Mohamed
Abdel Raouf Metwally, Ball State University; Dr. Tamer
Breakah, Ball State University

Finding a job and pursuing a professional career in their chosen
field is the goal of many college graduates. In order to achieve
that goal, students need contacts in their chosen industry and
opportunities to connect with professionals in their field.
Academic programs can help students find those connections by
developing an employer relations program. An employer
relations program involves industry partners into an academic
curriculum. This presentation provides strategies and tips for
how to effectively develop and manage an employer relations
program for an academic major.

Many students obtain a college degree to pursue a career in their
chosen industry. Having industry and networking connections are
crucial for finding a career opportunity. According to the U.S.
Department of Labor, nearly 70% of jobs are found through
networking. In addition, 80% of professionals consider
networking to be important. Employer relations programs are
one strategy to help connect students to employers and to
engage industry partners in an academic curriculum. These
programs are beneficial for students, faculty and the industry
partners. Students benefit by gaining networking connections
and potentially internship and full-time career opportunities.
Faculty benefit by making connections that can help with
curriculum development. Industry partners benefit by meeting
potential candidates for available positions. This presentation will
share experiences from 15 years of coordinating an employer
relations program for an academic major. How to develop and
manage an employer relations program, best practices to work
with industry partners, strategies to build industry partnerships,

and potential components to include in an employer relations
program will be highlighted. Challenges, lessons learned, and
plans for the future will also be shared. Information from the
faculty, employer, and student perspectives will be discussed.
The information in this session can be applied to academic
programs at other institutions.

As a result of attending this session, attendees will:
e |earn tips for how to effectively develop and manage an
employer relations program for an academic major

e learn best practices for how to effectively work with
industry partners and employers

e identify strategies to build industry partnerships

e identify potential components to include in an employer
relations program

Major Points
e tips for how to develop and manage an employer
relations program

e  best practices for how to effectively work with industry
partners and employers

e  strategies to identify and build industry partnerships

e  strategies for programming and events involving employer
partners

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 1:30 PM | Directors 6
Industry Collaborations for Future Skilled Workforce

Dr. Ugo Mgbike, University of Central Missouri & Johnson
County Community College

President Obama in his 2012 State of the Union Address laid out
a blueprint for an economy that is built to last in which he
affirmed that the strength of the American economy is
inextricably linked to the strength of America’s education system.
The president stated that particularly in times of economic
challenge, American employers need a workforce that is skilled,
adaptable, creative, and equipped for success in the global
marketplace. A decade after Obama’s address, the situation has
not changed. According to the Deloitte and Manufacturing
Institute, (April 2024) there could be as many as 3.8 million net
new employees needed in the manufacturing sector between
2024 and 2033, and around half of these jobs (1.9 million) could
remain unfilled if the talent conundrum is not solved. It further
stated that Higher-level skills will likely be required as
manufacturers continue their journey towards Industry 4.0,
which could add to the skills gap.

In today’s global market, manufacturers are looking for ways to
utilize machinery and equipment more effectively and efficiently
to minimize operating costs and maximize revenues. In order to
be successful, manufacturers must reduce total maintenance
costs, reduce equipment downtime in order to increase
throughput. To achieve the goal, the universities, colleges, other
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technical institutions and the industries must collaborate to
establish the types of technical training that will enhance the
skills needed in the industries. It is obvious that the path to
global competiveness could be shortened through proper
training and preparation for skilled workforce for the industries.

Major Points:

e The reasons for lack of skilled manpower for the
industries

e The need for Academie collaboration with Industry for
Workforce development

e The need for proper technical training and preparation to
support the industries

e  The benefits of Collaboration and Workforce
development.

At the end of this presentation, attendees should be able to
understand the effects of shortage of technical manpower and
how to improve Academie collaboration with Industry for
Workforce development for the industries.

traceability, and stakeholder alignment in making remedial
proposals. The framework also supported disciplined
communication and decision-making across technical and
operational domains.

This Project-Based Learning demonstrates the value of combining
DMAIC and Systems Engineering, to addressing logistics
challenges. By using SysML, the team enhanced system
understanding and created reusable models to support long-
term improvement. This blended approach is transferable to
other organizations wishing to advance operational performance
through quality and systems thinking.

Keywords: SysML, Systems Engineering, Lean Six Sigma, Project-
Based Learning

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Thursday | 2:30 PM | Promenade 2

A SysML-Based DMAIC Approach to Prevent Chargebacks in
a Warehouse System

Mr. Pedro Cupertino, Wichita State University; Daniel Wong,
Wichita State University; Joyce Chiam, Great Plains Industries;
Daniel Wong, Wichita State University; Adam Carlton Lynch,
PhD, Wichita State University

This project illustrates the potential of using Systems Modeling
Language (SysML), fortified by the DMAIC (Define, Measure,
Analyze, Improve, Control) approach, to improve warehouse
performance by avoiding chargebacks caused by shipping errors.
The objective revolves around a PBL (project-based learning) to
facilitate Quality, Cost, and Delivery (QCD) improvement.

A manufacturer of fluid handling equipment, suffered from
continuous chargebacks related to shipment discrepancies such
as mislabeling, packaging, and miscalculation of quantities. Such
operational failures led to customer dissatisfaction. A
multidisciplinary research team worked with the company to
employ a model-based engineering solution to address these
logistics issues.

Problem-solving was DMAIC-based. System Modeling Language
(SysML) diagrams were applied throughout each DMAIC phase.
These models provided system traceability, clearly defined
process workflows, and ensured corrective action consistent with
stakeholder needs. Lean tools, such as Failure Mode and Effect
Analysis (FMEA), Measurement System Analysis (MSA), and
Fishbone Diagrams, were used to complement the data analysis
and problem solving.

Preliminary analysis confirmed that shipment issues were one
primary source of chargebacks. SysML models improved clarity,

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Friday | 10:30 AM | Directors 3

Designing a Non-Credit Professional Course in Supply Chain
Resilience

Mr. David Stec, Central Connecticut State University

Recent years have revealed the fragility of global and regional
supply chains in the face of pandemics, climate-related
disruptions, cyberattacks, and geopolitical instability. As a result,
supply chain resilience has emerged as a top strategic priority for
organizations across sectors. However, many working
professionals lack access to targeted, flexible training that equips
them with the practical skills needed to assess and strengthen
resilience in their operations. This presentation outlines the
design and delivery of a non-credit, micro-credential-based
course working with an industry partner aimed at upskilling the
workforce in actionable strategies for anticipating, withstanding,
and recovering from supply chain disruptions.

The session will detail the development of a non-credit
professional course in Supply Chain Resilience designed
specifically for adult learners and mid-career professionals. The
course blends asynchronous content with in-person sessions,
supporting learning across varying schedules and experience
levels. Key instructional modules include:

e Risk identification and supply network mapping

e  Resilience metrics and measurement

e  Redundancy and agility strategies

e Nearshoring, reshoring, and localization decision-making

e Technology enablers such as 10T, blockchain, and Al-based
predictive tools

The course features applied learning through conducting
assessments of their organization’s supply chain resilience,
running simulation exercises, and reviewing case studies. The
presentation will cover the course's instructional design
framework, delivery model, and participant feedback, including
insights from pilots with professionals in small-and mid-size
manufacturing companies.
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This session offers valuable takeaways for ATMAE members
involved in workforce development, continuing education, or
non-credit programming. As industry needs shift toward agility
and resilience, technology management educators must develop
scalable, applied learning experiences that translate directly to
the workplace. Attendees will leave with actionable strategies for
designing responsive training for adult learners in this technical
field.

Major Points of the Presentation
e Rationale for Course Development: Responding to the
growing demand for supply chain resilience training

e Target Audience and Delivery Model: Non-credit, flexible
format for working professionals

e  Course Modules: Risk mapping, resilience metrics,
technology integration, reshoring analysis

e Lessons from Pilot Implementations: Feedback from
manufacturing and supply chain professionals.

e  Practical Resources Provided: Course structure, learning
outcomes, and sample content.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Friday | 11:00 AM | Promenade 1
A Systems Engineering Approach to Project Reliability

Dr. Neil Littell, Ohio University

Company executives and project sponsors are usually very
interested in determining the likelihood that a project will exceed
the budget, the schedule, or both. The desire for executives to
understand which projects are at the highest risk is an important
dynamic for strategic planning. Responses from project managers
remain elusive to such questions because it is difficult to provide
a quantitative response with confidence. In response to such
requests, the project manager will typically work to quantify and
justify the risks that could be encountered while executing the
project. Then, they will apply a logical approach to provide the
requested justification. This approach is rarely adequate and can
expose the project manager to risks if they underestimate the
project execution dynamics. This practice pushes the project
manager be overly conservative with their estimates to provide
contingency planning. In reality, this practice can be wasteful and
could sometimes lead to project budgets being over-allocated to
cover such contingency risks, which, if proper project
management practices were executed, would have already been
accounted for. The over-allocation of the budget can constrain
the company so that fewer projects are executed.

In this presentation, the author will present a new approach to
enabling project managers, project engineers, and others to
calculate the reliability of their project network. The approach
presented will illustrate how the activities listed in a project
network can be viewed as a system. As such, systems engineering
practices can be applied to perform calculations to reveal the
actual reliability of the project network.

A project manager who employs this technique can quickly
quantify how likely their project is to exceed cost, schedule, or
both. Additionally, this framework provides the ability for the
project manager to manipulate one part of the project and
quantify the results of the intervention to the overall project. For
example, a project manager might want to outsource a part of
the project to a third party to help maintain the project schedule.
However, doing so increases the cost of the project, and
therefore, the value of this initiative must be quantified. Using
this method, the project manager can more accurately quantify
and communicate the value proposition to their sponsor to
enable critical decisions to be made earlier in the project life
cycle.

Attendees of this session will learn:

e The perspective of executives/project sponsors with
respect to project execution related to the project
schedule and budget.

e A method to easily and quickly provide a quantitative
analysis of the project schedule and budget.

e A mathematical model which can be used to forecast
project decisions to lead decision-making processes.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Friday | 11:00 AM | Directors 6
You’re Hired!: Tips to Effectively Conduct a Job Search

Dr. Jennifer Warrner, Ball State University; Dr. Tarek Mahfouz,
Ball State University; Dr. Mohamed Metwally, Ball State
University

Searching for a job can be a full time job by itself, and a college
degree doesn’t guarantee employment. A job search can take an
average of three to six months. New and even seasoned
professionals need to know how to effectively apply and
interview for positions to make the most out of a job search and
to find employment.

“You're hired!” Those are the words any person searching for a
job wants to ultimately hear. However, searching for a job can be
challenging and a full time job by itself. To help ensure a
successful outcome, candidates need to be prepared, proactive,
and professional in a job search. What are common resume
mistakes made by candidates? What strategies should candidates
use when applying for positions? What are common mistakes
made during interviews that damage candidates’ credibility? This
presentation will answer those questions and will share
strategies on how to effectively conduct a job search. Ideas from
classroom activities to teach job search skills will be highlighted
that could be incorporated into the curriculum of all technology
related disciplines.

Through hands on activities, attendees will have the opportunity
to practice job search strategies. This presentation is appropriate
for all conference participants, from students looking for their
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first professional job after graduation to seasoned professionals.
The information from this presentation can also be incorporated
into curricula at higher education institutions to help students in
their job searches.

Major Points:

e How to prepare for a job search

e How to create professional resumes and other job search
documents

e How to be effective in a job interview
e How to follow up with employers after interviews

e Sample activities to incorporate job search strategies in
the classroom

Attendees will understand how to conduct an effective job
search. Attendees will learn common resume mistakes and how
to prepare professional job search documents. Attendees will
learn effective interview strategies and how to follow up with
employers after interviews. Attendees will learn ways to
incorporate job search skills into curriculum of technology
related disciplines.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Friday | 11:30 AM | Promenade 1

Digital Engineering Collaboration and Execution in the
Appliance Manufacturing Industry

Dr. Neil Littell, Ohio University

This presentation will walk the audience through the
implementation of an industrial digital engineering infrastructure
currently being used to enable global collaboration among some
of the residential appliance companies that are part of the
Middleby portfolio. This presentation will discuss the past and
current state of the digital enterprise, with a focus on Viking
Range, Lynx Grills, and Middleby India, and how these sister
companies are leveraging each other's resources to drive
innovation and deliver results.

This presentation will discuss:
o Digital engineering and why it is an essential strategy for
modern manufacturing enterprises.

e Challenges involved in implementing a global digital
engineering solution.

e Opportunities related to the future of digital engineering
as an innovation platform.

INDUSTRY COLLABORATION AND WORKFORCE
DEVELOPMENT

Friday | 11:30 AM | Directors 3

Workforce Development and Industry Collaboration: A
Strategic Approach to Bridging Academia and Industry

Dr.Hamza Saad, University of Central Missouri

Workforce development and industry collaboration play a most
critical role in guaranteeing sustainable economic growth and
competitiveness in our rapidly evolving industrial landscape
today. The skilling deficits must be addressed with a plan that
ensures a workforce with a combination of technical knowledge
and capability to solve real-time problems. Having several years
of experience from NHMEP and various universities, this paper
rightly showcases an integrated model of using real-world
industry projects for workforce training and student
development.

Where the emphasis has been on igniting focused, hands-on
training for industry betterment has been NHMEP's endeavor.
While the organization imparts expertise to improve the
operational efficiency of individual workers and through them
the productivity of their entire industrial establishments, the
training goes a step further by involving students on board with
practical industrial challenges to throw them into the labor
market; this is exactly how the organization has trained the
future crop as vital human capital that can sustain the high-
demand sectors. Of significance is the modeling of this approach
in educational institutions to yield skilled personnel ready to
meet industry demands unprepared upon graduation.

The impact is far-reaching as several such initiatives paved the
way for internship-financing under sponsorship of national
industry leaders, including a Fortune 500 company, for more than
31 student interns. These internships allow students to conduct
further practical investigative work in best industry practices,
Lean methodologies, and supply chain optimization technologies,
hence allowing them to apply the academic theory to reality. The
alignment assures innovation at academic levels in benefit to
industry, develops and nurtures relationships, and assures
demand-stability and technical skill sets considered relevant from
the standpoints of necessity in an evolving job market.

Thus, having established industrial collaborations, we exemplify
how experiential learning can be applied within the context of
workforce development. The model highlighted in this article
offers a very structured and scalable approach to replication
across a range of sectors and against a variety of academic
institutions. This underlines the point connecting industry and
education via experiential training, mentoring, and performance-
driven methods, thereby promoting innovation, economic
resilience, and long-term workforce sustainability.
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INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Wednesday | 10:30 AM | Promenade 1
Problems with Gage R&R: A Review

Dr. Swapnil Patole, Mississippi State University

Gage R&R (Repeatability and Reproducibility) is a statistical tool
used in Measurement System Analysis (MSA) to evaluate the
precision of a measurement system. It helps determine how
much variation in measurements comes from the measurement
system itself, rather than from the actual process being
measured.

Gage R&R studies originated at General Motors during 1960s
where different approaches were studied to address the problem
of errors in measurement. These studies were modified and
revised and handed over to the Automotive Industry Action
Group (AIAG) in 1989. Even today in its current version Gage R&R
has some problems and here we have summarized all of these
problems.

These problems start with the original procedure having some
fundamental errors that have not been corrected over the years.
These historical problems are addressed first. Later some of the
approaches that show why the standard deviations or
measurement errors of the equipment, appraiser and product
are not additive and cannot be compared directly in a ratio are
explained. Also, an improved measurement study for correctly
executing a measurement process capability study is addressed.

Lastly, Gage R&R for destructive measurements are discussed.
Applying standard Gage R&R set-up to destructive measurements
is either impossible or result in an overestimation of
measurement spread. Alternative set-ups are discussed that will
at least lead to a smaller overestimation of the measurement
spread thus reducing the measurement error.

The three different methods of variable Gage R&R are explained
in detail, namely, Gage R&R crossed, Gage R&R nested, and Gage
R&R expanded. Along with the attribute Gage R&R study. The
advantages and limitations of each of these methods are
explained and the best approaches for Gage R&R are mentioned
along with some of the common issues like high Gage R&R
variation, high repeatability variation, high reproducibility
variation, poor part selection, insufficient sample size,
measurement device resolution issues and data entry or
calculation errors are addressed.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Wednesday | 11:00 AM | Directors 6

Experimentation of Al as a Risk Assessment Advisor for
Construction Management's Students in Capstone

Dr. Mohamed Abdel Raouf, Ball State University; Tamer
Breakah, Ball State University

The construction industry is on the urge to implement and adopt
Al generative tools within its curriculum to prepare students for
the next era. This is mainly due to the fast-paced development of
Al generative tools in all fields and its vast impact in the
educational systems. Since the educational competencies are
manyfold, the impact of Al generative tools will differ. Therefore,
there is a need for prompt mitigation plans and strategies from
educational practitioners to deal with these changes in the
educational system. The best-outcomes strategies in dealing with
Al era will be generated and created after experimenting
different educational activities with students in different contexts
to understand the driving forces and behaviors in the usage of Al
in educational systems.

It is important to study these educational experiments and
activities to have better integration of Al tools within
construction curriculum to match employment market and
standard education competencies, such as the National
Association of Colleges and Employers (NACE) competencies.
Also, it is important to build engaging learning experience with
students concerning Al tools since it is part of our job to prepare
students to deal with Al generative tools. Therefore, it is crucial
to explore with them ways and tools to practice Al tools and
methods to integrate them within our curriculum.

In this educational experiment, the students were allowed to use
any Al generative tool, as a risk consultant in preparation of their
risk assessment, if they would report the Al-prompt used. This
experiment was conducted on students on their senior level at
the construction management program for the capstone project.
The first objective of this exercise is to learn and experiment how
to integrate Al tools within courses and to have a vision of how
the students are using Al tools. The second objective was to
study the enthusiasm of the student to use Al tools and how they
are depending on them. The third objective was focused on
observing the level of detailing in the prompts used by students,
and the accuracy of data. It is important to engage, collaborate,
and partner with students during this transformative period to
explore the possibilities of Al with educational system. It is
important to conclude that students were not very enthusiastic
about using Al tools, the level of detailing in the prompts used
were very basic, and the data were generic and robust and not
specific to the studied project.

Keywords: Risk Assessment; Al Experimentation; Capstone;
Construction Management.

Major points of the presentation:

e  Risk Assessment

e Al as a risk advisor
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The audience of this presentation will be introduced to the
general concept of implementation of Al tools in construction
management curriculum. An overview of the benefits,
opportunities and challenges of using Al tools in construction
management curriculums.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Wednesday | 11:00 AM | Promenade 1

A quantitative approach to compare carbon emissions of
CNC machining systems vs. 3D printing manufacturing

Dr. Julie Zhang, University of Northern lowaDr. Srikant Revuru,
University of Northern lowa

Due to natural resource depletion, climate change, and
increasing environmental pollution, sustainability has become a
crucial challenge in the 21st century. Manufacturing plays a vital
role in practicing sustainability as it contributes to and mitigates
those issues. To address these challenges, manufacturing
industries have adopted sustainable strategies. Although many
academic institutions have developed and offered sustainable
manufacturing education modules/courses in their curricula,
most educational materials remain qualitative, lacking a
quantitative perspective on measuring sustainability—
specifically, carbon emissions. It is necessary to understand in
depth how to quantify the carbon emission footprint so that
awareness can be brought to the public that sustainability is
measurable.

Sustainable manufacturing may be defined as a multidisciplinary
approach in which products are manufactured using processes
that are environment-friendly, conservative in consuming energy
and natural resources, and safe for employees, consumers, and
society. This research presents a case study in which a
guantitative approach compares the carbon emissions in a CNC
turning operation vs if the same part is produced in a 3D printing
process. In particular, this research discusses the breakdown of
the processes that contribute to the total carbon emissions, such
as raw material consumption, tool wear and consumption,
electricity, disposal of chips, and cutting fluids for the CNC
turning operation. Using the same method, emissions from 3D
printing are assessed based on material consumption, tooling,
and energy use.

Beyond technical analysis, this study explores how sustainability
education can integrate quantitative assessments to enhance
student understanding. Education in sustainability should
integrate the triple pillar approach—economy, society, and
environment—while ensuring that theoretical frameworks and
case studies are effectively understood by students. By
incorporating this comparison method into an upper-division
manufacturing engineering course, students can apply emissions
analysis in project-based learning, bridging theory with real-
world application. This research quantifies sustainability through
carbon footprint calculations in machining and additive
manufacturing and provides an educational framework for
fostering sustainability awareness in future engineers.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Wednesday | 11:30 AM | Directors 6

The Effect of Al on Construction Management Students'
Competencies - A Survey Development and Assessment

Dr. Mohamed Abdel Raouf, Ball State University; Dr. Jennifer
Warrner, Ball State University; Dr. Tamer Breakah, Ball State
University

Since Al race is the world's race to the future, the Al generative
tools are developing in a fast pace in all fields, and this is just the
start. Therefore, we, as humans, need to prepare ourselves for
that new era which will change everything. In particular, the
invention of Al has changed radically the educational systems,
and many paradigm shifts are needed to adapt to this new era.
Since the construction industry is important for the overall
economic growth of the United States of America, the
construction management curriculums and pedagogies must go
through shifting and transformative phases to implement and
integrate Al generative tools.

Generally, a vast part of learning is through the process of data
collection from different sources, assessment of their validities,
and interpretation of the information. However, during the Al
era, there will be no learning processes, and the answers will be
available instantaneously. Therefore, the students' competencies
and skills will be significantly affected. The educational
competencies are manyfold, and hence, the impact of Al
generative tools will differ. According to the National Association
of Colleges and Employers (NACE), the educational competencies
can be classified into six main categories as follows: core
academics, professional and technical skills, communication and
collaborations skills, ethical and social responsibility, innovation
and adaptability, and lifelong learning and personal development
competencies.

The first objective of this survey is to collect data from experts
and professionals working in the field of education in
construction management regarding how the Al will affect
students' competencies. These data will focus on their
perspectives of how Al will affect each of the students'
competencies separately. The second objective of this study is to
determine the degree of the effect of Al on each of these
competencies. Therefore, and based on this collective data, it will
be possible to re-design and modify the curriculums and
pedagogies for construction management programs for better
preparation of students and future employees for labor market in
the construction industry. In summary, education is a continuous
learning process, and students learn from the process itself.
Therefore, the educational systems, nowadays, must change and
integrate Al tools within its curriculums and pedagogies for
better preparation of students for the future.
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INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Wednesday | 11:30 AM | Promenade 2

Enhancing Applied Cybersecurity Fundamentals Multiple
Discipline Lens

Dr. Melissa Stange, NinjaHB-UAS LLC; Rachel Stange, Ninja
Honey Bees LLC; Rachel Stange, Ninja Honey Bees LLC

Teaching students about cybersecurity fundamentals should not
be boring or monotonous. Learning terms, setting up computer
systems, and trying to break the same systems. Through
comparisons from other disciplines like aviation and agriculture,
the topic becomes alive. For example, what do UAS (aka: drones)
have in common with computers? Drones are prone to all the
same security attacks of traditional computers, plus some due to
their flight ability.

One aspect of cybersecurity is data protection. This is also an
important aspect for drone operations as they are always
collecting data during flight and transmitting it back to a control
host. Cybersecurity professionals must protect this data.
Students are taught about indirect threats that are launched by a
third party computer due to the difficulty to track. Drones also
have indirect threats that need to be protected against, such as
airport interference. Just as cybersecurity professionals have to
worry about surveillance and reconnaissance, so does a drone
operator.

Other areas of cyber and drone similarity are direct threats,
network nodes, malware, government regulations, bad actors,
hacking, penetration testing, forensic & incident response,
management planning, telecommunications, password
protection, and physical security. Most novice cybersecurity
students learn to program in Python, this language can be used
through many different sUAS to safely discuss programming
concepts will getting students their TRUST certificate from the
FAA. A structure of a colony of honeybees are complex social
communities that have a variety of defense mechanisms that can
be used to demonstrate and discuss cybersecurity topics like risk
assessment, threat detection, and distributed defense.

Cybersecurity involves conducting thorough risk assessments to
identify vulnerabilities and potential threats. Honeybees practice
this daily by continuously assessing their environment for
potential risks, such as hive predators.

A honeybee colony is highly decentralized, with each bee
contributing to the colony's defense, which is a similar concept to
the concept that cybersecurity systems benefit from distributed
architectures by allowing for more resilient and adaptive
defense. If any breach in an organization’s security is faulty, the
safety and integrity of its supply chain, infrastructure may be
harmed. Similarly, the vanishing honeybee has the potential to
produce far reaching consequences for a community. Teaching
applied cybersecurity concepts through the lens of other
disciplines, allows students to have fun learning computer
science through multiple programming methods, aviation
through drones, and agriculture through honeybees. Applying
new and creative teaching methods is a way for all educational

programs to recruit and retain students, while improving their
diversity. This main objective of this presentation will to provide
detail examples on the concept of cybersecurity through other
disciplines and to provide resources for classroom use that the
attendees will be able to duplicate.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Wednesday | 2:00 PM | Promenade 2

Integrating Artificial Intelligence in the Classroom for
Engineering Technology Undergraduate Education

Professor Jin Zhu, University of Northern lowa

Artificial intelligence (Al) is a driving force behind emerging
technologies. From Al-assisted smart grids and network security
management to Al-powered drone deployment for disaster
response, product quality control and inspection, and Large
Language Model (LLM) generative Al chatbots, Al is increasingly
becoming a part of our daily lives.

The application of Al in Science Technology Engineering and
Mathematics (STEM) education has garnered significant attention
and faces numerous challenges. It has sparked controversy
within academia, with some strongly advocating for its
integration while others resist its adoption. As with any new
technology, there are pros and cons. However, it is important for
the academic community to adapt swiftly to this trend. We
should explore the potential of Al in STEM education to better
understand its applications, advantages, and limitations. When
used effectively, Al can enhance the educational process,
promote creativity, and foster innovation and critical thinking. As
faculty, we need to adjust our curriculum and pedagogy and
learn how to utilize Al to create a more dynamic and interactive
learning environment.

This presentation will discuss the role of artificial intelligence in
STEM education and explore how Al can be integrated into
engineering technology program curricula. We will examine the
core competencies required for Al in engineering technology
programs. Different goals necessitate different approaches to
integrating Al into the programs. Three key aspects can be
considered: 1) Improving Learning and Teaching Effectiveness:
Using Al to help students better understand subject concepts; 2)
Al Literacy and Ethics: Teaching students how to use Al properly
and understand its limitations; 3) Understanding Machine
Learning and Al: Educating students on how Al and machine
learning work and their applications in the engineering
technology field.

Case studies on the integration of Al in digital electronics
curricula will be presented, along with student responses and
outcomes.

The ATMAE audience will learn various approaches to
introducing Al in the classroom. Case studies and examples will
be provided on the integration of Al into the curriculum and
assignment design for a digital electronics course.
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Major Points:

e Role of artificial intelligence in STEM education

e Challenges of integrating Al in engineering technology
curricula

o Different approaches to introducing Al in classrooms

e Al usage case study in a digital electronics course and
outcomes

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Wednesday | 2:30 PM | Promenade 1

Enhancing Welding Technician Training with Practical
Fixturing Experience

Benjamin Garland, Eastern Kentucky UniversityDr. Michael
Kennedy, Eastern Kentucky University; Dr. Nilesh Joshi,
Eastern Kentucky University

Welding technology programs aim to equip students with
fundamental skills, yet industry feedback consistently highlights a
need for greater exposure to practical applications like fixturing,
blueprint interpretation, and fabrication standards before
graduation. To address this gap and enhance learning outcomes
for students in welding courses within a technical program, this
project introduces a hands-on learning module centered around
a small-scale, replicable fixture and sample part.

The presentation will summarize the design process, which
utilized CAD modeling and peer review, and the implementation
of the fixture within a lesson plan. This module provides students
with practical experience in the industry-standard practice of
fixturing weldments, reinforcing measurement and layout skills,
encouraging critical thinking, and familiarizing them with
fabrication standards and blueprint reading. This approach
directly supports institutional goals focused on increasing college
and career readiness.

Include a model for integrating practical, industry-relevant
fixturing experience into welding technology curricula using
readily available resources. This project demonstrates a method
to better prepare future welding technicians for the workforce,
enhancing their skills and readiness upon graduation.

Key points include:
e Addressing the industry need for student experience with
weldment fixturing.

e Design and development of a low-cost, replicable fixture
and learning module.

e Integration of CAD, visual management, and hands-on
learning.

e Reinforcing blueprint reading, measurement, layout, and
critical thinking skills.

e Improving student career readiness in alignment with
institutional goals.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Thursday | 9:00 AM | Promenade 2

An Integrated Pedagogical Approach for Teaching Internet
of Things (loT) Systems with On-Device Intelligence

Dr. Sangho Park, Central Connecticut State University

The Internet of Things (loT) encompasses devices with sensors,
processing capabilities, software, and other technologies that
connect and exchange data with other devices over
communication networks. This interconnected system can form a
network of physical devices, appliances, or vehicles serving
various purposes.

loT systems are rapidly evolving, with new devices and platforms
constantly emerging. In recent years, advancements in machine
learning (ML) and artificial intelligence (Al) technologies have led
to numerous novel application scenarios, promising smarter and
more intelligent loT systems.

Integrating Al into an loT system as on-device intelligence
remains an open research question due to the limited
computational power of loT devices. Nevertheless, on-device
intelligence is essential for protecting user data privacy and
security. The loT domain holds promise and attracts students'
attention, particularly when preparing capstone projects in
computer engineering technology (CET) education.

One deep-rooted challenge in CET education is students' ability
to master both low-level hardware implementation and high-
level software development, which are necessary for loT system
development. This challenge directly affects students'
understanding of core CET concepts, such as circuit building,
simulation and testing, interfacing multiple devices, and software
programming to control the overall system. Therefore, it is crucial
for students to master a broad range of skills—from low-level
hardware typically taught in electronics majors to high-level
software often associated with computer science majors. This
diverse skill set is essential for students to fully understand the
intricate mechanisms of an loT system.

Several 10T architectures have been proposed to integrate loT
frameworks, such as the 'loT World Forum Reference Model' and
the 'loT 4-Layer Architecture.' In this paper, we propose using the
loT 4-layer architecture as a framework to help students develop
their 10T skills in CET education. The loT 4-layer architecture
consists of the following layers: 1) sensing layer, 2) network layer,
3) service layer, and 4) interface layer.

In the sensing layer of our proposed curriculum, project
components incorporate General Purpose Input/Output (GPIO)
applications for sensor devices and Camera Serial Interface (CSI)
for machine vision applications.

In the network layer of our proposed curriculum, students learn
and practice communication protocols, including TCP/IP, MQTT
(Message Queue Telemetry Transport), and SSH, in their projects.

In the service layer of our proposed curriculum, students learn
and practice algorithms for real-time sensor data analysis and
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machine learning library packages for on-device visual
intelligence.

In the interface layer of our proposed curriculum, hands-on
projects include the Linux Shell Command-Line Interface,
integration of stand-alone input/output hardware into loT
systems, and remote access via wireless server/client
configurations of the loT system.

This paper primarily describes how to develop multiple projects
and laboratory activities with progressively deepening learning
objectives for loT education within a well-integrated 4-layer
architecture. The course content we have developed
demonstrates high levels of student motivation, engagement,
and insightful “Ah-Ha” moments during their learning process.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Thursday | 9:00 AM | Promenade 1

Metrology for Microfabrication: Integrating Measurement
Science into Hands-On Engineering Education

Dr. Matthias Pleil, University of New Mexico

Metrology plays a foundational role in semiconductor and
microfabrication processes, serving not only as the means of
measuring device features but also as the source of critical data
for monitoring manufacturing processes and enabling statistical
process control (SPC). SPC ensures process stability and high
product yield by identifying and minimizing variation over time.
Despite its significance, metrology is often underrepresented in
early engineering curricula.

This presentation outlines an interdisciplinary approach to
embedding core metrology principles into undergraduate and
professional development programs using real-world tools and
device applications. Our methodology blends mechanical
engineering, materials science, and electrical engineering
concepts, supported by hands-on education in a university
cleanroom setting.

We highlight three core metrology instruments that students
engage with in courses and research experiences at the UNM
Manufacturing Training and Technology Center (MTTC):

e  Stylus Profilometry (DekTak XT): Used to measure thin
film thickness, step heights, and etch depths. Students
learn key concepts such as stylus force, scan resolution,
and surface roughness (Ra), applying them to actual
measurements of thermally grown oxides, patterned
photoresist, and XeF,-etched features.

e  Optical Microscopy: Used for visual inspection, critical
dimension measurement, and alignment verification.
Instruction includes principles of resolution, contrast,
calibration, and proper documentation, applied to
projects involving diodes, thermal actuators, and other
fabricated devices.

e Scanning Electron Microscopy (SEM): Enables nanoscale
inspection of fabricated structures. Students explore

electron-material interactions, imaging modes, and
practical limitations when inspecting insulating materials.
Example applications include analyzing cantilever
geometries in MEMS and gate structures in resonant
devices.

Students are taught how measurements inform whether device
requirements are met—such as achieving target critical
dimensions—but also how variation in process parameters (e.g.,
exposure dose, resist thickness, metal and oxide thickness) can
drive variation in the electrical and mechanical performance of
fabricated devices. While students do not directly collect large-
scale process data (e.g., tool-to-tool, lot-to-lot), they gain
awareness of how metrology supports continuous improvement
and process capability analysis in real-world manufacturing.

A key instructional concept is that an individual measurement is
not a perfect readout of the sample, but rather a convolution of
the instrument’s response function and the true characteristics
of the sample. The instrument response function is one
component of the overall gauge variation of the measurement
system. Students learn that for metrology to be effective in
process control, the total variation from the measurement
system should ideally be less than 10% of the process variation
being measured.

This metrology-focused hands-on education is integrated into
cleanroom-based courses, summer undergraduate research
experiences (UREs), and short professional development
workshops, all of which emphasize student engagement with real
data and industry-relevant tools.

Importantly, these measurement science principles extend
beyond the micro and nanoscale; they are equally relevant in
macro-scale engineering contexts, making this approach broadly
applicable to a range of technical fields.

Attendees will leave with sample lab activities, teaching
strategies, and insights into how metrology can serve as a
powerful, interdisciplinary framework for applied engineering
education aligned with workforce needs and continuous process
improvement.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Thursday | 10:00 AM | Directors 3

Using Model Based Systems Engineering to Describe
Ergonomic Assessment Methods for Implementation and
Reproducibility in Manufacturing

Mr Daniel Chikwendu, Wichita State UniversityDr Adam
Carlton Lynch, Wichita State University; Dr Michael Jorgensen,
Wichita State University

This research aims to improve adoption of ergonomic
assessments and interventions to prevent work related
musculoskeletal disorders (WMSDs) specifically for Jobs that
require manual material handling tasks (MMH) in the
manufacturing industry with the aid of model system-based
engineering, and digital transformation.
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Purpose/Hypothesis: We use the Model based system
engineering (MBSE) software Magic Cyber Systems Engineer to
create diagrams such as the requirements diagram, case
diagram, package diagram, Block Definition Diagram, and
Internal Block Diagram and many more to illustrate a motion
capture study aimed to identify the anthropometric landmarks
(L5-S1 lumbosacral joint, ankles and toes) of the subjects with
respect to that of the weight’s position been lifted while the
performed lifting tasks intended to be used as inputs for the
Revised NIOSH Lifting equation (RNLE) and the Lifting fatigue
failure tool (LiFFT) to determine risk worthiness as it relates to
low back pain.

Design/Methods: The research is approached with the structure
provided by the synthesis of the DMADV (Design-Measure-
Analyze-Design-Verify), systems engineering life cycle stages
(LCM) and the INCOSE Vee Model. In the “Design-Measure-
Analyze” stage the experiment to be modelled is described. At
the “Design-Verify” stages, the experiment is modelled and
diagrams generated are compared with the actual procedure.

Results: The outcome will be determined by comparing the
diagram generated, their relationships with the actual
experiment to determine the correctness and appropriate degree
of granularity needed to highlight its benefits and limitations
while attempting to bridge the gap between systems engineering
and ergonomics.

Conclusion: This activity could foster future collaboration
between systems engineering and ergonomics to save time, cost,
disseminate information and reduce prevalence associated with
work-related musculoskeletal disorders in the manufacturing
environment as they work together to replicate risk evaluations
across manufacturing facilities of large, small and medium
enterprises (SME).

Keywords: Manual Material Handling (MMH), Model Based
Systems Engineering (MBSE), Magic Cyber Systems Engineering
(MCSE), Low Back Pain

Major Points:

e Define
o Introduction

o Cost, Lost Resources, and Prevalence of Work-
Related Musculoskeletal Disorders

o  Role of Ergonomists

o Challenges to ergonomists and ergonomic
interventions

o Role of System Engineers

o Planning for Ergonomic assessment at various life
cycle stages by System Engineers

o Impact of Visual Information
o Measure & Analyze
e  Experiment Case Study

e  Design

o Model Based systems engineering tool for Visual
Information and its dissemination

o Model Based Systems Engineering Case study
diagrams

e  Verify
o Comparison Between Live study and Diagrams
e  Conclusion

o Operation and financial impact (Quality, Cost,
Delivery)

o Impact on Industry, Academia, Government

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Thursday | 10:00 AM | Directors 6

Design Thinking: Building Interdisciplinary Constructors

Dr. James Jones, Ball State University; Dr. Tarek Mahfouz, Ball
State University

The Architecture, Engineering, and Construction (AEC) industry
has become increasingly reliant on project delivery systems that
overlap and combine the design and construction phases.
Shortcomings in the traditional, design-bid-build approach
include a lack of constructability input, inaccurate budgeting, and
slower delivery, which have led some clients to try design-build,
integrated project delivery, public-private partnerships, and
other project delivery systems to address these issues. However,
many construction engineering, technology, and management
curricula at universities do not cover design and focus exclusively
on the construction process, graduating students without the
proper knowledge of or background in design and leaving them
inadequately prepared for the changing AEC landscape.

This presentation examines one construction program’s approach
to integrate design into its existing, construction-focused
curriculum. The process of gaining input and insight from faculty,
advisory board members, industry professionals, alumni, and
designers is examined, along with administrative issues such as
course prerequisites, format, delivery, objectives, and
assessment within institution, program, faculty, and facility
constraints. Additionally, possibilities and challenges for
collaborating with existing design programs within the institution
are explored, including architecture, landscape architecture,
interior design, and urban planning.

Presentation attendees will understand the interdisciplinary
approach adopted by one program who expanded their
construction curriculum to include design. Rather than just
approaching design as “preconstruction,” this program’s
attempts to familiarize its students with the processes,
expectations, and outcomes of the comprehensive design
process are included, including industry expectations. Successes,
missteps, and recommendations are shared, providing
presentation attendees, both faculty and administrator, with the
background to consider implementing these interdisciplinary
changes in their own programs.

Major Points:
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e The increasing importance of interdisciplinary project
delivery systems in the AEC industry

e  Shortcomings in existing construction technology curricula
e  Process of interdisciplinary curriculum revision
e  Collaborative challenges and successes

e  Conclusions, recommendations, and discussion

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Thursday | 10:30 AM | Promenade 1

Bridging Theory and Practice: A Low-Cost Robotics Contest
for Engineering Education

Mr. Benjamin Wright, Millersville University of Pennsylvania;
John R, Wright Jr., Millersville University; John R. Haughery,
Millersville University;

This presentation introduces the development and
implementation of a mobile robotics competition designed as a
capstone experience for applied engineering students. Modeled
after the Intelligent Ground Vehicle Competition (IGVC), this
contest has been adapted for an indoor environment, allowing
for year-round implementation without the need for large
outdoor spaces. Students are challenged to integrate their
comprehensive engineering knowledge to design, build, and
program autonomous ground vehicles capable of navigating a
structured course. The competition emphasizes real-world
constraints by requiring the incorporation of machine vision,
sonar, and infrared sensors for autonomous navigation through a
course that features obstacles such as small construction barrels,
a central ramp to test vehicle stability and control, and white
boundary lines or lane markings that vehicles must recognize and
avoid crossing.

An interdisciplinary approach to technology and applied
engineering education is at the core of this competition.
Students are required to integrate technical concepts from
mechanical, electrical, and software engineering into a single
hands-on experience, as well as non-technical collaboration and
problem-solving skills essential for modern engineering careers.
Furthermore, this approach encourages students to innovate at a
system and team level, both crucial for a holistic understanding
and successful implementation of autonomous systems. By
engaging in hardware integration, sensor fusion, algorithm
development, and collaborative problem solving, this
competition provides an authentic hands-on experience in
systems engineering, robotics, and control theory.

Additionally, affordability is a key advantage of this capstone
contest, making it accessible to a wide range of institutions. To
keep costs low, course materials and system components are
intentionally inexpensive. The use of 3D printed course obstacles
using free open-source STL files and off-the-shelf components
provide accessibility for students from various academic
backgrounds and institutions that may have limited lab
resources.

Real-world results from similar competition’s implementation
demonstrate its effectiveness in enhancing technical skills,
teamwork, and critical thinking. Student teams have successfully
applied their knowledge in national competitions, including IGVC,
showcasing the practical benefits of this capstone experience. By
fostering innovation and hands-on learning, this competition
provides a valuable and cost-effective educational initiative for
engineering programs while also encouraging student autonomy
in the problem-solving process.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Friday | 10:00 AM | Directors 6

Interdisciplinary Collaboration with Technology at
Vanguard: Best Practices for Programs at an Urban Institute

Mr. Kevin Howell, EPT

Technology is at the center of our personal, social, occupational,
and educational operations. It is boundless and allows human
innovations to meet societal demands, in which academic
programs can develop practitioners who can address such
demands. Technology programs working in tandem with other
STEM and other programs can be instrumental in promoting
innovation, which can be applied in all aspects of life. As an
example, a Technology program with an Emergency Management
Technology concentration joined an interdisciplinary
collaboration with several academic programs promoting studies
in disaster preparedness with an emphasis on natural disasters.

In 2020, the Community Resilience collaboration with formed
and includes the disciplines of Emergency Management
Technology concentration, Computer Science, Meteorology and
Atmospheric Science, Journalism and Media Studies, and
Psychology so that students are academically and professionally
developed to successfully enter graduate programs and/or
careers in Emergency Management with the S.T.E.M. emphasis,
specifically, Emergency Management and/or Disaster
Preparedness. Informing and transforming the larger academic
community about issues that are relevant to Emergency
Management, Disaster Preparedness, and Community Resilience.

The project describes how: A.) To improve the retention and
persistence of undergraduate students and promote a multi-
disciplinary approach in the fields of Emergency Management
Technology, Computer Science, Psychology, Journalism and
Media Studies, and Meteorology and Atmospheric Science
course offerings and course activities (Emergency and Disaster
Preparedness focus). B.) To increase students’ knowledge base,
research skills, and awareness of Emergency Management and
Disaster Preparedness by implementing a set of Interprofessional
Education. C.) To enhance the S.T.E.M. curriculum by creating a
Disaster Preparedness and Resilience course to increase the
knowledge base and the awareness of all students in the fields of
Emergency Management Technology, Computer Science,
Psychology, Journalism and Media Studies, and Meteorology and
Atmospheric Science. 4. This presentation will bring awareness to
interdisciplinary disciplines that may explore collaborative
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initiatives that produce professionals to address societal
demands. The presentation will provide evidence of the
successes from the project and the impact it has made
throughout the community through education, training, and
outreach. This will reflect best practices from 2020 to the present
as our team promotes STEM weather forecasting and warning;
disaster preparedness and mitigation; effective communication;
and so on, in addition to the behavioral and social science
aspects to assess the mental and emotional impacts before,
during, and after a disaster. The greatest outcome of this project
will be more educated and prepared communities and a new
generation inspired to pursue careers in Emergency Management
disciplines.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Friday | 11:00 AM | Directors 3

Successful Learning Environments for Females in the INDT
Classroom

Ms. Denise Adair, Mississippi State University

I will be presenting on the proper environment for females to
succeed in the STEM classroom in undergraduate studies. | will
focus on Industrial Technology undergraduate students in the
Mississippi State University program in various Concentrations. |
will use a previous validated slightly modified questions and
survey to conduct this research. | will survey approximately 15
females currently involved in Industrial Technology in the Spring
2025 semester at Mississippi State University. | will discuss the
survey results, how females perceive an environment to
productive learning, and how | and other INDT instructors can
create a more conducive learning environment for the females in
our programs. This research should help INDT instructors
improve female student learning and self-worth in the Industrial
Technology undergraduate studies we teach.

My Atmae presentation will be a power point explaining the
process of how | conducted the study, the results, and what we
can do to improve our teaching practices particularly for females
in our programs. The presentation will be beneficial to anyone in
the Atmae audience who would like to help females succeed in
their class(es).

Major Bullets:

e  How the survey was conducted

e  Survey results

e How we can use this in our classes
e  Benefits to our female students

e  Future implications

OTHER
Wednesday | 10:30 AM | Directors 6

Using Augmented Reality and Virtual Reality to enhance
teaching and learning experiences

Mr. Harshdeep Singh, California State University - Fresno;
Arun N Nambiar, California State University Fresno; Arun N
Nambiar, California State University Fresno

Technology has been seen as a key enabler to improve learning
experiences. With the proliferation of augmented reality (AR)
and virtual reality (VR) devices, and with the technology making
inroads into our daily lives, it only seems appropriate to leverage
this technology to create enriching learning experiences. This
may be learning in a classroom at an educational institution or as
part of training exercises in a workplace setting. The immersive
learning experiences afforded by these technologies have been
shown to be effective in improved retention.

This presentation will explore the current literature and some of
the practical examples in this realm that focus on creating
learning spaces that foster improved retention. The presentation
will also delve into specific examples developed that seek to
build these learning spaces conducive for effective learning. The
presentation will explore some of the existing tools and describe
workflows to build these immersive experiences.

The audience will gain an overall understanding of the current
state of AR/VR applications specifically geared towards education
and workforce development. The audience will also experience
specific examples demonstrating the effectiveness of this
technology. The audience will also be exposed to specific tools
and workflows that facilitate in creating learning modules for
enriched learning and retention.

The key takeaways from this presentation include a synopsis of
the current applications of AR/VR in the field of education and
learning experiences. The presentation will also showcase
specific examples developed to enhance learning and retention
through immersive experiences. The presentation will also
explore some of the best practices and key guidelines to
developing effective immersive experiences that are conducive to
improved learning and retention. The presentation will conclude
with a brief description of future scope of work.
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OTHER

Wednesday | 2:00 PM | Directors 3

Digital Posters as a Bridge: Teaching Soft Skills and Al in
Graduate Classrooms

Dr. Luis Orozco, Ball State University

Virtual posters have become one of the most effective methods
of research dissemination for graduate students providing a
dynamic and accessible way to reach a wider audience. The
integration of charts, text, images, and voice-overs in virtual
posters provides an engaging way to present complex topics.
Also, virtual poster activities foster the development of soft
skills—such as communication, teamwork, critical thinking, and
attention to detail—which are highly valued by employers.
However, there is limited scholarly literature on the
implementation of virtual poster symposiums as a method to
combine the development of soft skills among graduate
students. This article explores how a virtual poster symposium
activity can assist students from different backgrounds in
developing a common understanding of technology applications,
including Al, creating a bridge to the development of soft skills.

Method: During one semester, students were trained to develop
effective poster presentations in preparation for creating virtual
posters on the topic of Artificial Intelligence (Al). Virtual posters
were showcased on a digital platform (Omeka.net). A voluntary
and anonymous survey evaluated the activity's impact on
students’ development of soft skills (n=30). The survey achieved
an 87% participation rate (Total responses = 26).

Results: Four different themes emerged from the qualitative
analysis: Research and Knowledge Development, Presentation
and Communication Skills, Collaboration, and Professional
Development. Additionally, the quantitative data confirmed that
this activity was rated as positive; 82% shared this activity
improved their ability to simplify complex concepts for effective
communication; similarly, 95% confirmed that this activity
improved their understanding of Al applications in various
industry sectors; also, 87% of students indicated they felt
prepared to use the skills learned in this activity in future
academic or professional projects. Some of the challenges
mentioned were: “Ensuring that all the complex information
about our topic was presented clearly and concisely.”, “Getting
the format and all of the key details into the poster without
overwhelming the audience with information.”, and “Learning
how to convey all the message in text and pictures.” Other
students indicated that they would mention this experience
during any job interviews.

In summary, students were able to improve their functional skills
such as teamwork, collaboration, creativity, and networking. One
student mentioned that “the most valuable aspect of this was
working with my team”

Finally, students praised the faculty support as they mentioned
that the “Instructor feedback helped us to get it done to meet
the desired standard.”

Conclusion: The author strongly suggests academic institutions
adopt a virtual poster conference activity to improve students’

learning about a specific topic and provide opportunities to
develop functional professional skills.

This session brings value to educators and researchers interested
in enhancing graduate students' ability to communicate complex
topics through concise and impactful virtual poster
presentations, applying new digital tools to facilitate research
dissemination, and reviewing best practices of innovative
teaching methods.

OTHER
Wednesday | 2:00 PM | Directors 6

Beyond the Classroom: Strategies to Foster Community and
Retention for Women in Construction

Dr. Jennifer Warrner, Ball State University; Dr. Mohamed
Abdel Raouf Metwally, Ball State University; Dr. Sharmin
Kader, Ball State University;

Women comprise approximately 11% of the workforce in the
construction industry. Though that percentage has increased,
women are still a distinct minority in the construction workforce.
Increasing the number of female students in baccalaureate
construction management programs can help to further increase
the number of women working in the industry. However,
recruiting and retaining students from underrepresented
populations, like females in construction, is challenging.
Outreach activities are one strategy higher education institutions
can utilize to help build a sense of community and to retain
underrepresented populations, like female students. This
presentation will highlight an existing outreach program for
female students that was developed in 2015. Strategies to
develop and coordinate an outreach program to build a sense of
community and foster retention for female students will be
shared.

According to the Bureau of Labor Statistics, approximately 11% of
the construction workforce in the United States is women.
Though that percentage has increased over time, women are still
a minority in the construction industry workforce. Increasing the
number of female students in baccalaureate construction
management programs can help to further increase the number
of women working in the industry. Recruiting and retaining
students from underrepresented populations, like female
students studying construction management, is challenging.
Outreach programs are one strategy to help develop a sense of
community and to retain students from underrepresented
populations. This presentation will highlight an existing outreach
program that was developed to foster a sense of community and
to retain one underrepresented student population, female
students, in a baccalaureate construction management program.
This program was implemented in 2015 and has adapted over
time to meet the needs of current students. Outreach program
activities, strategies for scheduling, opportunities to engage
industry partners, and sources for funding will be highlighted
that could be incorporated into other academic majors and
organizations. Strategies for success, challenges, and ideas for
the future will also be shared.
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Attendees will understand the importance of retaining students
in underrepresented populations in academic programs.
Attendees will learn strategies to engage students outside of the
classroom to help develop a sense of community and foster
retention in academic programs. Attendees will learn how to
incorporate these strategies into other technology related
disciplines.

Major Points:
e Importance of building a sense of community for female
students in construction
e  Success stories and examples of outreach program events
e Feedback from participants about the outreach program

e |deas and best practices to implement similar programs at
other institutions

e  Strategies for success, challenges and plans for the future

OTHER
Thursday | 10:30 AM | Promenade 2

Big Data, Big Decisions: Challenges, Innovations, and the
Road Ahead

Amitava Bose Bapi, University of Pikeville

In an era increasingly shaped by data-driven decisions, the scale
and complexity of big data continue to redefine what is possible
across disciplines—from scientific research to policy-making and
enterprise strategy. However, the promise of big data comes with
significant challenges: issues of data quality, integration,
scalability, privacy, and interpretability persist, often impeding
the ability to turn raw data into actionable intelligence.

This presentation explores the evolving landscape of big data
analytics through the lens of both critical challenges and
emerging innovations. Drawing from current academic literature,
applied case studies, and recent technological advancements, it
examines the obstacles that organizations and researchers face
when attempting to derive meaningful insights from high-
volume, high-velocity, and high-variety data sources.

Key areas discussed include the limitations of current storage and
processing infrastructures, algorithmic bias and data ethics, and
the growing demand for explainable and human-centered
analytics. Simultaneously, the talk highlights promising solutions
such as edge analytics, federated learning, data mesh
architectures, and the integration of Al and automation into data
pipelines.

Designed for academics and professionals navigating the
frontiers of data science, this session will offer both a reflective
and forward-looking perspective—mapping where big data
stands today, and where it must go to support smarter, fairer,
and more sustainable decision-making.

OTHER

Thursday | 1:30 PM | Promenade 2
REACH: Summer Camp Programs for Industrial Technology

Ms. Denise Adair, Mississippi State University; Lara Threet,
Mississippi State University

Summer camps provide a valuable opportunity to engage
students of all ages and introduce them to diverse career paths
in Industrial Technology. Through hands-on activities, industry
visits, and guest speakers, campers gain insight into the field and
the many careers available with an Industrial Technology degree.
For the past three years, the Industrial Technology program at
Mississippi State University has successfully hosted these camps.

This presentation will explore the camps offered, the curricula
used, and the program's future growth, as well as the
relationship development between the program and industry.

e  Camp Curricula

e  Camp Recruitment

e  Camp Tours

e  Camper Profiles

e What did we change from year to year?

e What did we keep each year?

e Goals for the Future
Remember to REACH:

R — Recruit Future Innovators — Inspire and attract young minds
to explore Industrial Technology.

E — Engage with Hands-On Learning — Provide interactive
experiences that make technology exciting.

A — Advance STEM Skills — Develop critical thinking, problem-
solving, and technical abilities.

C — Create Career Pathways — Showcase how camp experiences
lead to future educational and job opportunities.

H — Highlight Industry Connections — Partner with businesses and
universities to provide real-world exposure.

OTHER
Thursday | 2:30 PM | Promenade 1

Leveraging Industry 4.0 Technologies for Effective Downtime
Mitigation in Industrial Settings

Dr Oyetunji Olaniba, Central Connecticut State University; Dr.
Ravindra Thamma, Central Connecticut State University; Mr.
Brian P Romano, Central Connecticut State University

Unplanned downtime remains a major challenge in industrial
settings, leading to significant productivity losses, increased
operational costs, and inefficiencies in manufacturing processes.
Traditional maintenance strategies, such as reactive and
preventive maintenance, often fail to adequately predict and
prevent equipment failures. With the advent of Industry 4.0,
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manufacturers have access to advanced digital technologies that
can transform maintenance operations from reactive to
predictive and proactive approaches. However, many industries,
particularly small and medium enterprises (SMEs), struggle with
adopting these technologies due to financial, technical, and
organizational barriers.

This study explores how Industry 4.0 Base and front-end
technologies can be leveraged to mitigate downtime effectively.
By integrating real-time monitoring, predictive analytics, and
automated decision-making, manufacturers can enhance
equipment reliability, reduce operational disruptions, and
optimize production efficiency. The research presents a
structured approach for adopting these technologies,
highlighting their impact on industrial sustainability and
competitiveness.

Major Points:

e Identification of key downtime challenges in industrial
environments.

e  Exploration of Industry 4.0 Base and front-end
technologies and their role in predictive maintenance.

e Case studies demonstrating successful implementation of
Industry 4.0 solutions for downtime mitigation.

e  Strategies for overcoming adoption barriers, particularly
for SMEs.

e  Policy and industry recommendations for enhancing
digital transformation in manufacturing.

This study proposes a systematic framework for leveraging
Industry 4.0 technologies to minimize downtime and enhance
industrial productivity. The framework emphasizes a phased
implementation approach, ensuring a smooth transition for
manufacturers by addressing financial, technological, and
workforce-related challenges. Through case study analysis and
empirical data, the research provides actionable insights into
best practices for adopting predictive maintenance solutions. The
findings serve as a guide for manufacturing leaders,
policymakers, and educators looking to drive digital
transformation and achieve operational excellence in industrial
settings.

OTHER

Friday | 10:30 AM | Promenade 2

Artificial Intelligence in Higher Education- Insights from
Undergraduate Programs in the Midwest

Dr. Luis Orozco, Ball State University; Dr. Regina Giraldo-
Garcia, Ball State University; Dr. Fred Kitchens, Ball State
University

The COVID-19 pandemic acted as a catalyst for the integration of
new technologies for learning. Artificial Intelligence applications
have been rapidly used by students in higher educational
institutions to support their academic journey. In this regard, the
use of Artificial Intelligence (Al) is perceived as a new, in most
cases, disruptive technology affecting the dynamics of teaching

and learning. Consequently, it is important to understand how
undergraduate students use Al to support their academic journey
and maximize their learning experience.

Introduction: Brief introduction to the concept of Al and its
potential to augment the student learning experience.

Methodology: Description of the survey instrument, literature
review, quantitative and qualitative analysis, demographics, and
results, including how, where, and when students use Al, level,
and frequency of use, challenges faced, and recommendations to
other students.

This study uses a web-based survey and a literature review to
explore the students’ experiences of using artificial intelligence
across undergraduate programs at Midwest universities. Data
from the survey and a literature review help answer the
question, “How do undergraduate students in the Midwest use
Al to support their academic journey?” The survey included
questions for closed-ended and open-ended responses.
Quantitative data was used to add descriptive insights like
percentages from the survey's responses. The qualitative
responses allowed the researchers to understand the
participants' experiences with Al. For example, one question
stated, “Can you describe a specific situation where Al
significantly enhanced your learning experience?

Demographics: The study included the responses of sixty-six
undergraduate students enrolled in undergraduate programs in
the Midwest who responded voluntarily to an online survey.

Results: Students reported the use of Al for different activities:
brainstorming ideas (80%), grammar check ( 64%), summarizing
documents (60%), finding specific information (50%), translating
texts (20%), and creating ideas for visuals (18%). Interestingly,
52% indicated being “extremely” and “very” confident using Al.
Students are adept at using free Al applications (83%) and
accessing Al from home (80%), mostly during the afternoon and
evenings (73%). Al enhances students’ learning experiences, as
some commented, “Al helps me study for exams by summarizing
slides.”, “Al is able to brainstorm many ideas very quickly.”, “to
complete a study guide for me that | can use to prepare.”
Reported challenges in using Al include,” Al can be incorrect or
biased.”, “concerned for privacy,” and “hallucinations in Al
responses.” Recommendations include, “Don’t make it your main
source of information.”, ”Don’t ask Al for the answer, ask how to
get the answer.”

A better understanding of the use of Al by undergraduate
students to adapt Al policies to effectively support students in
their learning experience.

Major bulleted points of the presentation:

e Al pervasiveness in higher educational institutions
e Al as atool to support students' academic journey
e  Benefits and challenges for students on the use of Al

e Themes of “Al as a Learning support”, Al Challenges”,
‘Ethical Use”, and “Al Literacy”

e  Discussion of implications.
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BEST PRACTICES IN TECHNOLOGY MANAGEMENT

Influence of Quality Management Interpretations and
Technology for Organizational Sustainability

Tishawn Gaynor, University of Bridgeport; Dr. Arthur
McAdams, University of Bridgeport,
amcadams@bridgeport.edu

In a time where rapid technological advancements and increasing
global competition, organizations must implement sustainable
strategies to ensure long-term viability. This presentation
explores how integrating quality management principles with
technology management best practices can drive organizational
sustainability. By leveraging continuous improvement
methodologies, data driven decision-making, and innovation
management, organizations can enhance efficiency, resilience,
and competitiveness in evolving markets.

The session begins by justifying the need for a double focus on
quality and technology management, highlighting that quality is
not just a compliance function but a strategic enabler. Quality
management tenets such as Total Quality Management (TQM),
Six Sigma, and 1SO 9001 standards provide structured
methodologies for enhancing operational performance, reducing
waste, and improving product and service reliability. When
combined with technology management principles including
digital transformation, Industry 4.0 integration, and knowledge
management organizations can create adaptive and sustainable
business models.

The presentation will offer a structured discussion on how
organizations can systematically integrate these principles. First,
it will explore how technology-driven quality management
systems enable real time monitoring and predictive analytics for
proactive decision-making. Then, it will highlight case studies
from industries that have successfully combined quality and
technology strategies to achieve long-term sustainability. Key
insights will focus on best practices in technology adoption, risk
mitigation, and change management to ensure seamless
implementation.

For the audience, comprising technology managers, quality
leaders, and operational executive this session provides
actionable takeaways on leveraging data analytics, automation,
and emerging technologies to reinforce quality standards while
optimizing resources. A primary implication is the change from
reactive to proactive management approaches, where predictive
analytics and Al driven quality control mechanisms drive
efficiency. Additionally, attendees will learn how sustainability-
oriented technology investments contribute to enhanced
investor trust, supervisory compliance, and market
differentiation.

Major Presentation Bullet Points:
o Introduction & Justification:

o The intersection of quality management and technology
management for sustainable business practices.

o The growing necessity for data-driven decision-making in
competitive environments.

e Core Quality Management Tenets for Sustainability:

o Six Sigma, TQM, and ISO 9001: Driving efficiency and
compliance.

o Risk based thinking in quality management for
sustainability and resilience.

o Leveraging Lean principles to reduce waste and optimize
resources.

e Technology Management as a Sustainability Enabler:

o Digital QMS: Enhancing real time monitoring and process
control.

o Knowledge management and innovation strategies for
technology-driven excellence.

e Best Practices for Implementation:
o Integrating quality frameworks into digital transformation
initiatives.
o Aligning organizational culture with continuous
improvement and technology driven change.

o Case studies of companies achieving sustainability
through quality and technology synergy.

o Implications & Takeaways:

o The need for cross functional collaboration in ensuring
sustainable growth.

o Proactive versus reactive approaches in quality and
technology management.

o Long-term competitive advantages of technology enabled
quality systems.

BEST PRACTICES IN TECHNOLOGY MANAGEMENT

Managerial Framework for the Adoption of Al in The
Network Security Management of Higher Learning
Institutions

Ms Sharon Ogwangi, University of Central Missouri;

Over the years, Artificial Intelligence has become an important
aspect of technology. Higher learning institutions are facing
more challenges in securing their networks as threats to
networks become more sophisticated. Cisco’s 2024 global
networking trend report indicates that there is a need for
network security to be integrated with Al’s analytical capabilities
as this would help ensure more reliable data delivery, optimal
connectivity and increase security within the network. However,
with Al technologies still being relatively new, institutions lack a
strategic managerial framework which poses as a challenge for
its adoption This research aims to develop a strategic managerial
framework that can be utilized by higher learning institutions
seeking to adopt Al in the management of their network security.
Specifically, the framework will be developed using the Plan-Do-
Check-Act (PDCA) cycle to ensure a systematic approach to Al
implementation while observing the ISO/IEC 42001 standard for
Al governance. The study will first review how the network
security landscape in higher learning institutions has evolved
over the years, and the latest trends and projections for the
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future. In doing so, the research will highlight the increasing role
of Al in the management of network security such as threat
detection, real-time network monitoring and automation of
network operations. The research will be valuable not only to
higher learning institutions but also to organizations that have
been looking to adopt Al to help manage their network security
by offering a framework that offers a seamless integration
process. Additionally, it will offer strategic recommendations on
best practices when integrating Al into their network security.
This will help contribute to the growing field of Al by
demonstrating its efficiency in the constantly growing and
evolving world of network security.

SO-5.1 Students will demonstrate understanding of team roles
and processes

SO-5.2 Students will demonstrate ability to participate in team
situations and group projects

In addition to that, there are industry mentors assigned who
guides and supports the students. The owner of the company is
also affiliated with the Industry Advisory Board (IAB) for ETEC at
**** The students learns hands-on skills and is industry ready
upon graduation via these capstone projects.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Smart Kitchen Drawer — A College-Industry Partnership for
Engineering Capstone Project

Dr. Iftekhar Ibne Basith, Sam Houston State University; Oscar
Jarmon, Afolarin Faluyi, Freddy Martinez, Suleiman Obeidat,
and Syed Hasib Akhter Faruqui

The Engineering Technology (ETEC) department at *** offers
Capstone Senior Design for all graduating students. This poster
highlights the college-industry partnership for one such design
projects. A group of students worked with a regional furniture
manufacturing company called **** to develop a motion control
system for kitchen cabinet components. An example of this
would be if you were to wave your foot in front of a sensor, the
cabinet would open. The motion control sensor is not just be
limited to cabinets, but it may also be used for trashcans and
similar kitchen appliances. In the past recent years, the need for
motion control products has increased especially when it comes
to convenience, safety, and aesthetics. Adding onto that point
these motion control sensors can be implemented to improve
the lives of people who are hindered by disabilities. These are
some of the many reasons why consumer demands have been
pushing for incorporating smart technology into everyday home
life. The ETEC department and some of its programs are ATMAE
accreditated. This Senior Design class satisfies the following
ATMAE program learning outcome:

SO-1.2  Students will demonstrate knowledge of science within
industrial applications

S0-2.1 Students will demonstrate understanding of technical
fundamentals

SO-3.1 Students will be able to utilize graphics design and
modeling software

S0-3.4 Students will be able to utilize spreadsheet and
database application

S0-4.1 Students will demonstrate ability to write technical
reports

S0-4.2 Students will demonstrate ability to prepare electronic
presentations

S0-4.3 Students will demonstrate ability to give verbal
presentations

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Benefits of Floor Isolation

Dr. Tathagata Ray, Morehead State University; Ryan Justice

Base isolation is the current gold standard in protecting buildings
from earthquake damage by using isolators to separate a building
from its foundation; however, it is not always effective in
preventing non-structural damage to buildings. This is especially
important in the case of hospitals, where patients are at risk of
injury or death in the face of earthquakes. A new method known
as floor isolation is proposed to combat this problem; it features
isolators between each individual floor of the building. Tests
conducted using 1:75 scale model buildings indicate that
accelerations can be reduced by an average of 35-60% by using
floor isolation when compared with base isolation.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Evaluating VMware Cloud on Cloud Services — A Strategic
Shift from On-Premise Deployments

Mr Zain Basit, Eastern lllinois University; Azan Asif Khan,
Eastern lllinois University;

Dr. Togeer Israr, Eastern lllinois University; Supervisor:
Tougqeer Israr, Eastern lllinois University, Email:
taisrar@eiu.edu

Second Author: Ammar Bhutta, Eastern Illinois University,
Email: aabhutta@eiu.edu

As enterprises modernize their IT infrastructure, VMware Cloud
on Cloud (Azure/AWS/GCP) presents a compelling alternative to
traditional on-premise deployments. Our work explores the
conceptual, technical, and strategic benefits of adopting VMware
Cloud, based on insights gained through virtual labs and industry
research. By analyzing VMware Cloud’s core features and its
alignment with cloud-first strategies, this study aims to provide a
structured evaluation of why organizations are increasingly
moving away from on-premise solutions.

Key areas of analysis include:

Scalability & Elasticity — How VMware Cloud enables dynamic
resource allocation compared to static on-premise infrastructure.
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Cost Efficiency — A comparative look at CAPEX vs. OPEX, licensing
models, and operational savings.

Disaster Recovery & Resilience — Built-in redundancy and
automated failover mechanisms that enhance business
continuity.

Hybrid & Multi-Cloud Integration — The role of VMware Cloud in
bridging on-premise environments with cloud-native services.

This research draws on VMware Cloud on Azure/AWS virtual lab
experiences, combined with industry trends and documented
best practices, to illustrate potential use cases and strategic
advantages. While not a direct implementation study, the
findings provide a theoretical framework for IT decision-makers
considering cloud migration.

By presenting a structured comparison of cloud vs. on-premise
VMware deployments, our work highlights how enterprises can
leverage VMware Cloud for operational agility, cost optimization,
and future-proofing their IT environments.

e Frictional Effects as a Function of Particle Mix

e Conclusions

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Binary Powder Mixtures: Examining Particle Size
Distributions and Compaction Characteristics using Discrete
Element Method

Dr. Joseph Wright, University of Connecticut; Dominick
Fazarro, University of Texas at Tyler, dfazarro@uttyler.edu;

Powder compaction is used in pharmaceutical and metal product
industries to develop components with near-net shapes with
reasonable efficiency through pressing alloy or polymer powder
blends into dies. Predicting the strength of compacts is key in
understanding their survivability, such that tablets arrive to the
consumer without breaking, and gears, rods, and other metal
compact components perform as expected mechanically.

Using two particle size ranges of the same powder, it is possible
to manipulate the frictional behavior during compaction. As
friction is driven by surface area, tight control of the particulate
size enables a self-lubricating effect, while maintaining identical
volume fraction delivered in the blend. We consider a range of
particle mixtures, from 100% coarse particles to 100% fine
particles.

By tying together simulations with real-world implications,
ATMAE attendees will be exposed to a major computational
paradigm. The Discrete Element Method, while relatively novel,
is a powerful technique that allows researchers to directly
simulate the flow, compaction, and bonding of individual
particles. The technique used here (LIGGGHTS, an open-source
DEM package) is free and capable of running on a reasonably
modern workstation, not requiring high power compute (HPC)
resources.

Major points
e Introduction to Powder Simulation
e Powder Blends + Simulation Methods

e Observations of Blends

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Advancing RC Mobility: A Study in Strength, Adaptability,
and Performance

Dr. Wyatt Riley, Southwestern Oklahoma State University; Mr.
Wyatt Riley- Student Presenter with Brett Chase; Mr. Wyatt
Riley- Student Author

The advancement of remote-controlled (RC) vehicle technology
has significant implications for extraterrestrial exploration and
terrestrial applications. This research project aims to design,
develop, and test an advanced RC vehicle for participation in
NASA's Human Exploration Rover Challenge (HERC), specifically
within the Remote Operated Vehicular Research (ROVR) division.
Utilizing an engineering design methodology, the project follows
an iterative desigm process of conceptualization, prototyping,
testing, and refinement to develop a highly functional and
reliable RC vehicle. The research objectives include enhancing
vehicle durability, optimizing terrain navigation capabilities, and
integrating mechanisms for scientific task execution such as
sample collection and environmental monitoring. The
methodology involves a systematic literature review, computer-
aided design (CAD) modeling, prototype development, and
physical trials under controlled conditions. The expected
outcomes include the development of a robust RC vehicle
capable of traversing complex terrains while performing mission-
relevant tasks with precision. Findings from this research will
contribute to the broader field of remote vehicle operation,
offering potential applications in planetary exploration, search-
and-rescue operations, and automated field research.

EMERGING TECHNOLOGIES IN APPLIED ENGINEERING

Enhancing Lean Manufacturing in the Automotive Industry
Through 3D Printing

Mr Kruthiik Majeti, University of central missouri; Siddhardha
Mamidi UCM sxm37190@ucmo.edu; Marietta Watson UCM
mjwatson@ucmo.edu

The integration of 3D printing in the automotive industry has
revolutionized manufacturing by enabling rapid prototyping,
lightweight design, and customized production. To maximize
efficiency and minimize waste, incorporating lean manufacturing
tools is essential. This research explores how additive
manufacturing (AM) can be strategically utilized to reduce
production time and optimize automotive component
development while aligning with lean principles such as Just-in-
Time (JIT), Kaizen, 5S, and Value Stream Mapping (VSM). By
leveraging 3D printing for on-demand production, manufacturers
can eliminate excess inventory, reduce material waste, and
enhance production flexibility. Case studies from leading
automotive companies demonstrate significant reductions in
lead time and cost, validating the synergy between lean tools and
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additive manufacturing. The study also addresses challenges,
such as material constraints and scalability, while highlighting
future advancements in Al-driven 3D printing. This research
underscores the transformative potential of 3D printing in
achieving a lean, agile, and cost-effective automotive
manufacturing process.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

Why Project-Based Learning is Essential in Engineering
Technology Education

Jeremy Agozzino, Ohio Northern University

Problem-Based Learning (PBL) is an educational approach where
students learn by tackling real-world problems. The idea is to
encourage critical thinking, teamwork, and active learning by
getting students to work on real, complex issues that don’t have
clear-cut solutions. It’s designed to be student-centered,
meaning students take charge of their learning process.

PBL focuses on taking on the challenge of a real-world problem.
The problems presented are often open-ended, complex, and ill-
structured. They simulate real-world issues that don't have a
clear, predefined solution therefore creating a student-driven
learning experience. Students have to work in groups to identify
what they need to learn in order to solve the problem. This
process involves gathering information, exploring concepts, and
applying knowledge to find solutions. This further emphasis the
importance of collaboration as the students typically work in
teams to discuss and solve the problem, promoting teamwork
and communication skills. Since the problem often doesn't have
a straightforward solution, students need to seek out the
necessary information independently or with their team. They
become responsible for identifying gaps in their knowledge
about the issue and seeking information to help clarify those

gaps.

It is not the job of the instructor to provide the answers to the
problem. So instead of direct teaching, the instructor acts as a
facilitator or guide, providing support when necessary but not
dictating the learning process. This encourages interdisciplinary
learning. Students must integrate knowledge from different
subject areas to approach the problem holistically and not rely
on learning just what the instructor wants the students to know.
They can explore different avenues of the problem to find what
they feel is the best solution. After the students feel they have
solved the problem, the students should reflect on their learning
process, evaluate their problem-solving strategies, and consider
improvements for future challenges.

Some of the benefits of PBL s it help the students develop
critical thinking skills. The students develop higher-order thinking
skills as they analyze complex problems and create solutions.
Furthermore, the real-world problems make learning more
meaningful and engaging, as students see the relevance of their
education. The hands-on, problem-solving nature of PBL often
increases student motivation and interest in the subject matter

and ultimately providing skills that can be applied in real-world
scenarios, preparing them for careers in diverse fields.

PBL has many benefits but there are a few challenged to this
teaching method. First, it can be very time consuming. Designing
and implementing PBL scenarios can take significant time and
effort from both instructors and students. Furthermore, unless
the instructor is somewhat of an expert in the field in which they
are implementing PBL in, evaluation of the project can be
difficult. Furthermore, evaluating students’ learning in PBL can be
challenging since it often involves group work and subjective
measures like collaboration, critical thinking, and process. Finally,
PBL often requires additional resources, such as technology, case
materials, and access to additional experts in the field to be fully
effective for the students.

Engineering technology is a prefect field to implement PBL into
curriculum. PBL can be applied in engineering education by
giving students real-world design challenges or problems that
require creative, technical solutions. In essence, Problem-Based
Learning transforms Engineering Technology students from
passive recipients of knowledge into active participants who
engage in deep, meaningful learning through real-world
challenges.

INTERDISCIPLINARY APPROACHES TO TECHNOLOGY
AND APPLIED ENGINEERING EDUCATION

From Spectators to Pilots: Examing Student Interest in
Competition vs. Passive Learning

Mr. Mitchel Worley, Southwestern Oklahoma State University;
Dr. Brett Chase - Research Mentor
brett.chase@swosu.edu;

Drones have become a prominent tool in STEM education,
offering hands-on experiential learning opportunities that can
enhance student engagement. This study explores the impact of
competition-based learning through drone racing compared to
passive learning experiences, such as drone building and
photography. The primary objective is to assess the motivations,
perceptions, and barriers influencing student participation in
drone-related activities. Utilizing a mixed-methods research
design, this study will employ surveys featuring Likert scale
questions to quantify student engagement preferences, attitudes
toward competition, and perceived challenges. Additionally,
open-ended survey responses will provide qualitative insights,
allowing for a deeper understanding of student experiences.
Thematic coding will be applied to qualitative responses to
identify recurring patterns, including factors such as competitive
drive, fear of failure, accessibility concerns, and social influences.
Findings from this study will inform the development of more
effective, inclusive, and engaging drone-based STEM programs,
with implications for curriculum design, extracurricular activities,
and technology adoption in educational settings.
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OTHER

Construction Safety Challenges and Considerations in the
Healthcare Industry: A Literature Review

Dr. Sharmin Kader, Ball State University; Sherif Attallah, Ph.D.
Associate Professor Associate Chair - Department of
Construction Management and Interior Design

Construction safety in the healthcare industry presents a unique
set of challenges due to the sensitive, high-stakes environments
in which these projects take place. Unlike conventional
commercial or residential construction, healthcare facility
projects often occur in operational hospital settings where
patient care, infection control, and continuous facility operations
must be maintained throughout construction activities. The
objective of this study is to identify key construction safety
considerations and challenges specific to the healthcare industry
through a comprehensive review of existing literature. By
synthesizing insights from academic journals, industry reports,
and regulatory guidelines, this study aims to provide a structured
understanding of the risk factors and mitigation strategies unique
to healthcare construction projects.

The literature reveals that one of the most critical safety
challenges in healthcare construction is managing the dual
imperative of protecting both construction workers and hospital
occupants, particularly patients with compromised immune
systems. Infection control risk assessments (ICRAs) are mandated
on most healthcare construction sites to prevent the spread of
airborne contaminants such as dust, mold spores, and pathogens
from construction zones into patient care areas (Bartley, 2010).
Negative air pressure systems, containment barriers, and HEPA
filtration are frequently cited in the literature as essential safety
controls that are not typically required in standard construction
environments.

Another major challenge is the logistical complexity of working
within active healthcare facilities. Construction teams must
navigate restricted access areas, limited staging space, and
stringent noise and vibration limitations. These constraints
heighten the risks associated with material handling, equipment
placement, and emergency egress, necessitating rigorous
planning and communication among stakeholders. The literature
emphasizes the importance of pre-construction safety planning
that involves hospital administrators, infection preventionists,
contractors, and facility managers from the earliest stages of the
project (Lewis et al., 2013).

Worker safety is further complicated by the presence of
specialized medical equipment, compressed gas lines, high-
voltage systems, and other hospital-specific infrastructure that
pose unique electrical and mechanical hazards. According to
recent studies, many incidents stem from gaps in hazard
communication, particularly when work is performed near
critical systems that must remain operational (Pryor, 2017).
Training programs tailored to the healthcare construction
context, including awareness of hospital protocols and
emergency response procedures, are recommended as essential
components of an effective safety strategy.

In conclusion, healthcare construction demands a
multidimensional approach to safety that integrates conventional
construction risk management with healthcare-specific controls.
The findings from this literature review indicate that successful
safety outcomes depend on early and ongoing collaboration,
strict infection control protocols, and comprehensive worker
training. This study contributes to the field by consolidating
fragmented knowledge into a cohesive framework of safety
considerations, offering guidance for future research and
practical application in healthcare construction environments.

OTHER

Amplifying Community Voices: The Civic Applications of
Artificial Intelligence

Dr. Luis Orozco, Ball State University; Yuna Han,Ball State
University; Femi Osholake, Ball State University; Temilade
Akinwolere; Ball State University; Ebuka Mmaduekwe, Ball
State University; Frema Boamah, Ball State University; Anita
Sedzro, Ball State University; Landon Reed, Ball State
University; Benjamin Gyamfi, Ball State University; Kehinde
Akinwolere, Ball State University; Kwadwo Nyarko Graham
Ball State University; Belinda Bulla, Ball State University

While civic engagement allows communities to provide solutions
to common problems, Artificial Intelligence amplifies the voices
of the communities allowing the creation of a virtual place to
exchange ideas. Consequently, Civic Al Engagement can be
defined as the application of Artificial Intelligence technologies to
enhance civic participation through new digital interaction aimed
at promoting openness, inclusivity, and amplifying the voice of
communities. This paper explores three dimensions of Civic Al:
Moderation, Platforms, and Problem Solving, presenting their
potential for empowering citizens and fostering democratic
participation. Challenges and ethical considerations are also
addressed.

Research Questions:

e How can Civic Al tools be effectively used to enhance civic
engagement activities?

e What are the potential challenges and ethical considerations
associated with using Civic Al engagement, and how can
they be addressed?

Methodology:

This study employs a contextual narrative and literature review
only related to civic engagement. Articles in English published
between 2014 and 2024 from Web of Science, Academia.edu,
and EBSCOhost were analyzed, alongside institutional reports,
conference papers, and expert blogs. Historical articles (dating
back to 1999) were included to provide background context.

Results:
Key Dimensions of Civic Al Engagement covered in this study.

Moderation: Al tools such as Perspective Al combat online
toxicity, fostering healthy discourse by identifying and reducing
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harmful language. This promotes participation, particularly from
marginalized voices, without fear of abuse.

Platforms: Al-driven platforms like Polis and Civis Analytics
analyze citizen feedback by sorting responses and identifying
common themes. Decidim enables citizens to share ideas, vote
on key issues, and engage in policymaking. OpenGov facilitates
participatory budgeting, and Zencity monitors and analyzes social
media to identify trends and public concerns.

Problem-Solving: Education: Socratic provides tailored resources
for students, while Turnitin detects plagiarism and supports
efficient grading. Healthcare: X2Al/Cass delivers therapy via
chatbots in underserved areas. Research: Atomwise leverages
deep learning for drug discovery. Management: Smart911
automatically shares user safety profiles with emergency
services, enhancing response efforts. Supply Chain: LLamasoft
optimizes logistics, reduces costs, and mitigates risks.

Ethical Considerations and Challenges:

Ethical concerns include ensuring data privacy, avoiding biases in
result extraction, and adhering to the intended use of collected
data. Challenges include inadequate digital infrastructure and
varying levels of digital literacy, which can deter community
participation.

Participants will leave this session with a better understanding of
how Al can increase civic participation and provide a voice for
their local communities.

Conclusion:

Civic Al enhances participation through innovative digital
interactions. By examining the dimensions of Moderation,
Platforms, and Problem Solving, this study highlights the
transformative potential of Al while addressing challenges and
ethical concerns. Civic Al is a powerful tool to address
community challenges and promote inclusive civic engagement.

Limitations and Recommendations:

This study does not cover all potential Al applications in civic
engagement or their impact on different demographic groups.
Future research should focus on demographic-specific effects
and conduct deeper analyses of Al's role in diverse communities.
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Toward Safer Construction of Roads and Bridges

Abstract: Construction safety remains a critical concern in civil engineering, particularly in road
and bridge projects characterized by complex logistics, hazardous environments, and continuous
exposure to live traffic. Despite advancements in technology and regulatory systems, the industry
continues to experience high rates of occupational injuries and fatalities. This study presents a
systematic review of peer-reviewed literature, industry reports, and regulatory documents to
identify major hazards, effective mitigation strategies, and emerging technologies that enhance
safety performance in road and bridge construction. The findings reveal that safety in this sector
is shaped by the interaction of multiple domains—physical site conditions, human behavior,
organizational culture, regulatory frameworks, and technological innovation. Bridge construction
introduces specific risks such as work at height, heavy lifting operations, and activities over water,
while road construction commonly involves confined work zones, limited visibility, and proximity
to moving vehicles. Effective hazard identification and risk assessment (HIRA) remain
foundational to reducing these risks (Zhou et al.,, 2015). Emerging tools such as Building
Information Modeling (BIM), drones, and wearable sensors support pre-construction risk
visualization, real-time monitoring, and hazard detection (Chi et al., 2012). However, their success
depends on proper training, integration, and strong safety management systems (Hinze et al.,
2013). This study concludes that a holistic, technology-enabled, and behavior-driven framework
is essential to advancing worker safety, reducing incidents, and fostering resilience in road and

bridge construction.

Keywords: Construction Safety, Road Construction Safety, Bridge Construction Safety,
Roads and Bridges, Occupational Health and Safety (OHS), Construction Risk Management,

Hazard Identification and Risk Assessment (HIRA)
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1. INTRODUCTION

The safety of road and bridge construction workers remains a critical concern for
occupational health authorities, transportation agencies, and the organizations responsible for
infrastructure delivery. Construction and maintenance activities performed in proximity to live
traffic expose workers to significant risks, demanding a careful balance between maintaining
traffic flow, ensuring operational efficiency, and safeguarding human life (Al-Bayati et al. 2019).
While such projects are essential for improving mobility and national infrastructure, they also
introduce complex safety challenges that affect both workers and road users.

Globally, evidence from countries such as the United States, the Netherlands, and Great
Britain indicates that approximately 1-2% of all road fatalities occur at or near roadwork sites
(Debnath et al., 2014). Research further shows that crash frequency and severity tend to rise during
active construction periods, particularly in environments involving heavy vehicles and limited
spatial separation between work zones and public traffic. In Australia, roadwork-related crash data
remain inconsistently documented; however, national estimates suggest that at least 50 deaths and
750 injuries occur annually at roadwork sites, costing more than $400 million each year (Debnath
et al., 2012).

Recent flooding events in Queensland have intensified road maintenance and rehabilitation
activities, which, in turn, have been associated with an increase in worker injuries and fatalities.
These heightened risks are compounded by driver non-compliance, frustration due to frequent
delays, and widespread speeding through active work zones—conditions that endanger both
motorists and workers alike.

The safety of road and bridge workers is influenced by interrelated factors across three

levels (Debnath et al., 2014):
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¢ Regulatory Level — Tension often exists between workplace health and safety
legislation and road traffic regulations, leading to conflicting priorities between
worker protection and traffic mobility.

e Organizational Level — Fragmented contracting systems and inconsistent safety
competencies among stakeholders create variation in safety standards and
accountability.

e Operational Level — Work zones are difficult to fully isolate from public traffic, and
drivers frequently question the credibility of signage and speed restrictions, resulting
in low compliance.

Despite advancements in engineering design and regulatory oversight, civil construction—
especially in road and bridge projects—continues to experience disproportionately high rates of
injuries and fatalities. These projects combine complex logistics, heavy equipment, and variable
environmental conditions, creating inherently high-risk work settings that demand comprehensive

safety strategies.

2. RESEARCH OBJECTIVES

The primary objective of this study is to systematically review and synthesize existing
academic and industry literature to advance understanding of safety in road and bridge
construction. Specifically, this review aims to:

¢ Identify common hazards, risk factors, and recurring causes of accidents in road and

bridge construction.

o Evaluate the effectiveness of existing safety protocols, regulatory frameworks, and

management practices.
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e Assess the role and potential of emerging technologies—such as Building
Information Modeling (BIM), drone inspections, and wearable safety devices—in
improving safety outcomes.

e Propose an integrated framework for enhancing safety performance, incorporating

human-centered design, advanced technology, and strong management systems.

By synthesizing findings from scholarly research, industry reports, and expert
perspectives, this paper seeks to inform practitioners, policymakers, and researchers on strategies
to strengthen safety culture, enhance management systems, and reduce occupational hazards in
road and bridge construction. Ultimately, the review contributes to bridging the gap between
existing safety practices and the long-term goal of achieving safer, more resilient transportation
infrastructure.

3. METHODOLOGY

This study employs a systematic literature review (SLR) approach to synthesize knowledge
from diverse sources related to construction safety in road and bridge projects. The review includes
peer-reviewed journal articles, industry guidelines, technical reports, and regulatory publications.
The primary databases searched include ScienceDirect and Google Scholar, using keywords such
as construction safety, bridge construction, roadwork hazards, risk assessment, BIM for safety,
wearable safety technology, and organizational safety culture. Inclusion criteria required that
sources be: a) published between 2010 and 2025; b) focused on road and bridge construction; and
c) explicitly address construction safety considerations (technical, behavioral, regulatory, or

technological).
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4. RESULTS

After the screening process, a total of 55 studies were selected for full-text review and

thematic coding. Table 1 presents a summary of peer-reviewed and industry research on

construction safety in road and bridge projects (2011-2025).

Table 1. Summary of Key References on Road and Bridge Construction Safety

Author(s) & Year

Study Focus

Contributions

Relevance to Road &
Bridge Safety

Abellanosa et al. (2024)

Simulation-based
predictive analytics for
construction incidents.

Developed a simulation
workflow to forecast
safety incidents using
project data.

Supports proactive risk
management on large
infrastructure projects.

Ahmed et al. (2021)

Driver behavior in
highway work zones.

Flashing blue lights on
paving equipment reduced
vehicle speeds.

Evidence-based
intervention to improve
work-zone safety.

Al-Bayati (2021)

Safety culture and climate
impacts.

Positive safety culture and
climate increased safety
behavior and motivation.

Human-factor basis for
safer site operations.

Al-Bayati et al. (2019)

Industry framework for
safety culture/climate.

Proposed structured
framework linking
culture, climate, and
performance.

Guides organizational
programs for
infrastructure safety.

Almohsen (2024)

Remote sensing in
construction safety.

Reviewed challenges
adopting UAV/LiDAR for
safety monitoring.

Informs the deployment
of aerial sensing at
road/bridge sites.

Awolusi et al. (2018)

Wearable safety
technology review.

Cataloged smart PPE and
sensors for
fatigue/proximity
monitoring.

Enables worker-level
hazard detection in the
field.

Bilim & Celik (2018)

Accident assessment in
highway, street, and
bridge works.

Profiled frequent accident
types and contributing
factors.

Targets priority hazards in
transportation projects.

Che Ibrahim et al. (2021)

Prevention through
Design (PtD)
competencies.

Identified key designer
competencies for PtD
practice.

Embeds safety early in
road/bridge design stages.

Dang et al. (2017)

Contractor risk patterns in
Vietnamese road/bridge
works.

Mapped major
construction risks from
contractor perspective.

Contextual evidence for
risk controls in
developing regions.
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Author(s) & Year

Study Focus

Contributions

Relevance to Road &
Bridge Safety

Debnath et al. (2012)

Speed-control measures in
roadwork zones.

Reviewed effectiveness of
various work-zone speed
controls.

Inform traffic
management plans for
roadworks.

Debnath et al. (2013)

Worker perceptions of
incidents at roadworks.

Documented common
incident types and
perceived causes.

Supports behavior- and
training-focused
interventions.

Debnath et al. (2014)

Pilot-car operations in
rural highway work
zones.

Pilot cars effectively
reduced speeds in long-
term work zones.

Validates active speed
management to protect
Crews.

Desai (2023)

Hazard Identification &
Risk Assessment (HIRA).

Highlighted structured
HIRA as core to risk
control.

Applies to
planning/control of
road/bridge activities.

Gao et al. (2024)

Typhoon-period safety
inspections for
road/bridge sites.

Devised inspection
system to improve
disaster resistance.

Integrates extreme-
weather readiness into site
safety.

Gupta & Nair (2023)

UAVs for construction
safety monitoring.

Reviewed UAV roles in
surveillance, inspection,
and hazard detection.

Reduces worker exposure;
improves situational
awareness.

Holt et al. (2015)

Perceptions of emerging
construction technologies.

Identified adoption
barriers and enablers in
industry.

Explains uptake
challenges for safety
technologies.

Jian (2020)

BIM in road/bridge
construction management.

Outlined BIM uses for
coordination, planning,
and safety.

Promotes digital risk
visualization and
planning.

Jiang et al. (2022)

Big-data safety
management for
expressway bridges.

Proposed data-driven
control and monitoring
measures.

Advances predictive
control in bridge
construction.

Joshi & Adhikari (2024)

Local road bridge safety
in Nepal.

Linked safety practice
gaps to project delays and
consequences.

Evidence for capacity-
building in local bridge
works.

Kim et al. (2024)

Wearables & analytics for
safety/health.

Systematic review
connecting sensor data to
safety outcomes.

Supports IoT-based safety
programs on sites.

Konstandakopoulou
(2024)

Bridge construction
accident review.

Synthesized causes and
patterns of bridge-site
accidents.

Identifies recurring fatal
events to target controls.

Kvitko et al. (2018)

Innovative
materials/technologies for
traffic safety.

Showed safety gains
through advanced
materials and methods.

Design-material strategies
to reduce road/bridge
risks.
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Author(s) & Year

Study Focus

Contributions

Relevance to Road &
Bridge Safety

Latupeirissa et al.
(2021)

Accident causes & impacts
in road/bridge projects.

Empirical analysis of
causal factors affecting
outcomes.

Informs mitigation and
training priorities.

Li et al. (2022)

Cloud-entropy safety risk
assessment for highway
bridges.

Developed quantitative
risk-scoring
methodology.

Data-driven prioritization of
bridge hazards.

Lu et al. (2024)

Quality & safety
prevention via improved
SLP.

Integrated layout
planning methods to
prevent incidents.

Links construction planning
to safety performance.

Nnaji et al. (2020) Technology for work-zone | Mapped applicable tech | Guides selection of safety
safety (systematic review). | (sensors, comms, tech for dynamic road zones.
automation).
Parsamehr et al. (2023) | BIM-based solutions across | Connected BIM to Holistic digital approach

CM domains.

schedule, cost, quality,
and safety.

benefiting safety oversight.

Reese (2018) OHS management systems | Comprehensive Foundation for site-level
(textbook). principles and practices | safety management.
for SMS.
Shehadeh & Alshboul Ensemble ML for safety Improved predictive Demonstrates Al potential
(2025) prediction. accuracy for incident for proactive prevention.

occurrence.

Sun et al. (2022)

Multi-information fusion
for bridge safety risk.

Combined data sources
to enhance risk
assessment.

Improves reliability of bridge
risk evaluations.

Yang et al. (2018)

FAHP-based bridge safety
evaluation.

Used fuzzy AHP to
prioritize safety criteria.

Decision-support for
highway bridge safety.

Yoon et al. (2024)

Integrated construction
safety management system.

Digitized SMS for real-
time accident

Framework for unified safety
data and action.

prevention.
Yustisia (2014) Constructability & safety in | Linked constructability | Demonstrates design-stage
Kelok-9 Bridge. reviews to safer leverage on safety.
outcomes.
Zhang et al. (2015) BIM-based fall hazard Modeled fall risks and Design-phase intervention

identification/prevention.

mitigation within BIM.

for dominant hazard.

Zhou et al. (2024)

Innovative BIM for
highway construction
management.

Applied BIM to
oversight, coordination,
and safety control.

Strengthens highway project
safety governance.

Zou (2011)

Fostering strong
construction safety culture.

Outlined leadership and
culture practices for
safety.

Foundational guidance for
culture-driven safety.
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Author(s) & Year Study Focus Contributions Relevance to Road &
Bridge Safety
Shan et al. (2023) Coupled safety risks in Revealed Targets systemic risk
bridge construction (NK + | interdependencies propagation in bridge
SNA). among risk factors projects.
using NK modeling and

network analysis.

Yue (2024)

Highway bridge risks in
plateau/mountainous
regions.

Applied safety-risk
assessment under
challenging terrain.

Context-specific controls for
high-altitude bridges.

Chen et al. (2019)

Bridge—tunnel hybrid
construction risks.

Used network theory to
map complex risk
interactions.

Informs integrated safety
strategies on hybrid works.

Fu et al. (2024)

System dynamics for large
bridge construction risks.

Simulated dynamic
evolution of
construction risks.

Supports time-phased
mitigation planning.

Su et al. (2023)

Safety state evaluation for
sea-crossing cable-stayed
bridges.

Developed a marine-
environment evaluation
model.

Addresses offshore and
wind/wave-related hazards.

Wang et al. (2023)

Yellow River bridge
construction risk.

Two-dimensional cloud
model improved risk
assessment accuracy.

Enhances quantitative
prediction for major bridges.

Su et al. (2024)

Safety assessment for
single-tower suspension
bridges over sea.

Improved AHP-based
fuzzy comprehensive
evaluation.

Framework for marine
suspension-bridge safety.

Lu et al. (2023)

Decision-making for bridge
pile foundations in karst.

Programmatic multi-
attribute decision
method.

Reduces geotechnical safety
uncertainty in karst.

Yao et al. (2024)

Bridge construction risk
with variable weight +
cloud model.

Adaptively weighted
risk indices for better
scoring.

More responsive risk
prioritization for bridges.

Yang et al. (2024)

Safety evaluation for
fabricated small box-girder
bridges.

Combined fuzzy AHP
with monitoring data.

Integrates perception and
measurements for safety
eval.

Kim et al. (2020)

Loss assessment in bridge
construction.

Linked financial loss
patterns to safety risks
and disruptions.

Economic case for stronger
safety management.

Ran et al. (2023)

Precast bridge deck
hoisting risk analysis.

Applied structural
entropy weight method
to lifting ops.

Operational guidance for
critical hoisting activities.

Wu & Lu (2022)

Bridge risk evaluation via
intelligent algorithms.

Compared multiple Al
models for accuracy
and robustness.

Supports ML selection for
safety evaluation tasks.
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Author(s) & Year

Study Focus

Contributions

Relevance to Road &
Bridge Safety

Do et al. (2024)

Text mining for accident
causes in highway

Extracted critical causal
patterns from narrative

Data-driven insights for
targeted prevention.

implementation on bridge
project timelines.

implementation affects
schedule outcomes.

construction. reports.

Handoko et al. (2020) OHS effect on road Demonstrated link Reinforces productivity
construction worker between OHS practices | benefits of strong OHS.
performance. and performance.

Yustisia et al. (2023) Impact of OHS Showed safety Aligns safety with delivery

performance.

Sutapa et al. (2021)

FMEA-based risk analysis
on steel-frame bridge
project.

Identified failure modes
and effects to prioritize
actions.

Structured method for
mechanical/assembly risks.

Lauridsen & Larsen

Quality objectives in O&M

Outlined performance

Extends safety across

accidents.

improved prediction of
fall incidents.

(2018) of bridges/tunnels. objectives for safe lifecycle beyond
operation & construction.
maintenance.
Kim et al. (2022) Deep learning model to Developed and Demonstrates generalizable
predict construction safety | validated DL model; Al methods applicable to

bridge/road works.

Note. Summary of peer-reviewed and industry studies on construction safety in road and bridge projects

(2011-2025).

4. THEMATIC LITERATURE REVIEW

4.1 Common Hazards in Road and Bridge Construction. Road and bridge construction

projects expose workers to a wide range of high-risk conditions due to their complex logistics,

dynamic environments, and interaction with live traffic (Dang et al., 2017; Gao et al., 2024;

Konstandakopoulou, 2024; and Latupeirissa et al., 2021). The most frequently reported hazards

in bridge construction include:

o Work at height, which poses severe risks of falls during deck construction and girder

placement;

o Work over water, which complicates rescue operations and increases drowning risk;
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o Formwork and scaffolding failures, particularly in reinforced concrete bridge
construction;
o Heavy lifting operations, such as the placement of precast beams and structural

components.

In contrast, road construction hazards often arise from continuous public interaction and
confined site conditions (Dang et al., 2017; Gao et al., 2024; and Latupeirissa et al., 2021),

including:

o Nighttime operations, which reduce visibility and increase exposure to distracted
drivers;

e Narrow and congested work zones, limiting maneuverability and heightening the risk
of contact with moving machinery;

o Live traffic exposure, demanding well-designed and actively managed traffic control
systems;

e Mobile plant operations, where heavy equipment movement creates persistent struck-

by or caught-in/between hazards.

Across both contexts, Hazard Identification and Risk Assessment (HIRA) remains a
cornerstone of safety planning, ensuring that site-specific risks are systematically identified,

analyzed, and mitigated (Desai, 2023 and Zhou et al., 2015).

4.2 Role of Technology in Safety Management. Recent studies emphasize the growing

influence of digital technologies in improving safety performance across all project stages. These
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tools support proactive hazard identification, risk visualization, and real-time safety monitoring

(Ahmed et al. 2021; Nnaji et al. 2020; and (Nnaji et al. 2020).

4.2.1 Building Information Modeling (BIM). BIM allows project teams to simulate the
construction process before execution, enabling visualization of potential hazards and the design
of preventive measures. BIM-based safety planning assists in (Zhou, 2024; Zhang, 2015;
Parsamehr et al., 2023): a) Detecting design clashes that may cause field conflicts; b) Visualizing
safe access, egress, and material handling routes; and ¢) Communicating task-specific hazards in
pre-construction meetings. When integrated into bridge erection and road phasing plans, BIM
enhances foresight in high-risk operations and strengthens coordination among stakeholders (Chi

etal., 2012).

4.2.2 Wearable Technologies and Sensors. Smart wearable devices—such as sensor-
embedded vests, helmets, and wristbands—collect real-time physiological and environmental
data. These devices help detect fatigue, heat stress, and unsafe proximity to moving equipment

(Awolusi et al., 2018; and Kim et al., 2024). They also provide:

e Automated proximity alerts between workers and heavy machinery;
e Geofencing and GPS tracking to prevent unauthorized access to restricted areas;
o Continuous health monitoring, supporting early intervention in high-temperature or

high-fatigue conditions.

4.2.3 Drones and Remote Sensing Technologies. Unmanned Aerial Vehicles (UAVs)
and other remote sensing tools are increasingly deployed for (Gupta & Nair, 2023; and

Almohsen, 2024):
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o Inspecting hard-to-reach structures such as bridge decks and towers;
e Monitoring progress and compliance with safety barriers;

e Detecting site hazards and documenting unsafe conditions.

These technologies reduce direct exposure of workers to hazardous environments.
However, their success relies on proper training, regulatory compliance, and integration into

organizational safety management systems.

4.3 Organizational Safety Culture and Leadership. While technology has enhanced data
collection and situational awareness, the literature consistently stresses that organizational safety
culture is the foundation of lasting safety performance (Zou, 2011; Al-Bayati, 2021). Successful

safety programs are characterized by:

e Transparent communication and feedback between workers and supervisors;

o Regular, scenario-based safety training relevant to specific job tasks;

e Visible management commitment, reinforcing the priority of safety over productivity;
o Employee engagement, empowering workers to identify and report hazards

proactively.

Research shows that organizations with strong, behavior-based safety cultures supported
by engaged leadership achieve significantly lower incident rates, regardless of project size or

complexity (Hinze et al., 2013).

4.4 Regulatory Frameworks and Compliance. National and international safety regulations—

such as OSHA standards in the United States—establish critical baselines for worker protection
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(Reese, 2018). However, the literature cautions that regulatory compliance alone does not
guarantee safety excellence. Effective systems go beyond compliance to promote:
e Continuous improvement, emphasizing iterative learning from incidents and near misses;
o Behavior-Based Safety (BBS) programs, reinforcing safe practices through observation
and feedback;
o Use of leading indicators, such as safety audits and proactive risk assessments, rather

than relying solely on lagging indicators like injury rates.

Integrating these proactive strategies within regulatory frameworks fosters a resilient,
adaptive safety system capable of addressing both routine and emerging risks in road and bridge

construction.

5. DISCUSSION

5.1 Interconnectedness of Safety Factors. Findings from this review emphasize that safety in
road and bridge construction is inherently multi-dimensional, shaped by the interdependence of
technical, human, organizational, technological, and regulatory elements. Effective safety

management requires alignment among:

e Technical planning — including design optimization, hazard identification, and
engineering controls;

o Human factors — encompassing behavioral safety, situational awareness, and continuous
training;

e Organizational dynamics — such as leadership commitment, communication culture,

and accountability systems;
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e Technological systems — including Building Information Modeling (BIM), wearable
sensors, drones, and data analytics; and
e Regulatory mechanisms — ensuring compliance, enforcement, and performance

monitoring.

Neglecting any of these dimensions can compromise the overall safety ecosystem. For
instance, introducing wearable technologies or BIM-based risk visualization tools without
parallel investments in training, user engagement, and leadership oversight can limit adoption
and diminish their intended benefits. A holistic safety strategy must therefore integrate technical

innovation with human-centered implementation and continuous organizational learning.

5.2 Emerging Trends in Safety Management.

5.2.1 Predictive Safety Analytics. A major emerging trend is the use of predictive safety
analytics enabled by big data and artificial intelligence (Shehadeh & Alshboul, 2025; Abellanosa
et al., 2024). Construction firms are increasingly analyzing leading indicators—such as
inspection records, near-miss data, and fatigue logs—to predict and prevent incidents before they
occur. Predictive models can identify patterns that signal heightened risk, allowing managers to
intervene proactively with targeted training, scheduling changes, or design modifications. As
digital record-keeping becomes more standardized across projects, predictive analytics represents

a powerful tool for shifting safety management from reactive to preventive and data-driven.

5.2.2 Integrated Safety Management Systems (ISMS). Another key development is the
adoption of Integrated Safety Management Systems (ISMS), which consolidate multiple safety

functions into unified, digital platforms. These systems combine: A) Real-time risk assessments
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and monitoring, B) Worker feedback through mobile reporting tools, C) Automated alerts from
sensors and equipment, and D) Compliance tracking across projects and contractors. ISMS
enhance coordination between field operations and management, improving response times and
accountability. They are particularly effective in dynamic environments such as roadwork and
bridge construction zones, where hazards change daily due to weather, traffic flow, and equipment
activity. The integration of human insight with machine intelligence offers a promising model for

adaptive, continuous safety management.

5.3 Gaps and Future Directions in the Literature. Despite considerable progress in improving
construction safety, several critical gaps remain in both research and practice. Longitudinal
evidence on the sustained impact of safety culture interventions is limited, particularly for
approaches that integrate behavioral and technological components. Studies rarely capture how
safety initiatives evolve or influence long-term worker outcomes. Additionally, there is insufficient
representation from developing regions, creating uncertainty about how contextual factors such as
informal labor practices, limited enforcement, and resource constraints shape safety performance.
Another persistent gap is the underutilization of worker-driven innovation—most research
emphasizes top-down safety management strategies, overlooking the valuable insights that
frontline workers can contribute to improving on-site safety. Furthermore, the absence of
standardized metrics across studies and regions makes it difficult to compare the effectiveness of
safety technologies, including wearable sensors, BIM-based systems, and predictive analytics.
Addressing these deficiencies calls for stronger interdisciplinary collaboration among engineers,
human factors specialists, policymakers, and technology developers. Future research should

integrate empirical field studies, simulation modeling, and participatory design methods to explore
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how human-centered, technology-supported safety systems can be adapted and optimized across

diverse cultural, organizational, and project contexts.

5.4 Key Findings

e Ongoing Safety Hazards: Falls from height, struck-by objects, equipment collisions,
and caught-in/between incidents remain the primary causes of injuries and fatalities in
road and bridge construction.

e Underlying Systemic Issues: Contributing factors such as tight project schedules,
insufficient safety training, communication gaps, and weak safety cultures continue to
elevate risk levels on job sites.

e Technological Advancements: Emerging tools—including drones, Al-driven analytics,
and real-time monitoring systems—demonstrate strong potential for improving hazard
detection, inspection efficiency, and overall site safety.

o Integrated Safety Approach: The most effective outcomes are achieved when
engineering design, management systems, advanced technologies, and safety culture
work together as part of a unified strategy.

o Economic Benefits of Safety Investment: Although safety initiatives require an initial
financial commitment, they ultimately yield long-term value through fewer accidents,

higher productivity, and improved organizational reputation.

6. RECOMMENDATIONS
Based on the reviewed literature and analysis, the following recommendations are

proposed to enhance safety performance across road and bridge construction projects. These
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strategies address design, technology, management, workforce wellbeing, and environmental

resilience within the infrastructure sector.

1. Integrate Safety into Design

Apply Prevention through Design (PtD) principles across all road and bridge projects to
eliminate hazards early.

Use Building Information Modeling (BIM) to identify and mitigate safety risks during
design, especially for bridges and complex roadway alignments.

Incorporate permanent fall protection systems and safe access paths into bridge and
elevated road structures.

Design work zones and detours with safety features that minimize worker exposure to

traffic.

2. Strengthen Training and Workforce Competency

Use virtual reality (VR) and augmented reality (AR) simulations for high-risk
construction tasks.

Establish competency standards for key roles like crane operators and structural
inspectors.

Create mentorship programs pairing experienced and new workers to enhance safety

knowledge.

3. Leverage Advanced Technologies

Adopt Al-driven predictive analytics to anticipate potential safety incidents.
Expand drone and remote sensing technologies for inspections and progress monitoring.

Use wearable technology to monitor fatigue, environmental exposure, and worker safety.
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4. Strengthen Safety Management Systems (SMS)
e Develop SMS frameworks tailored to road and bridge construction challenges.
e Use digital platforms for reporting, near-miss documentation, and data analytics.

e Encourage sharing of best practices and safety data across infrastructure projects.

5. Foster a Positive Safety Culture
¢ Introduce behavior-based safety programs emphasizing proactive reinforcement.
e Provide leadership training focused on communication and safety engagement.

e Recognize and reward innovation and commitment in maintaining safe practices.

6. Enhance Collaboration and Standardization
e Develop standardized safety guidelines for road and bridge construction.
e [Establish a national or global database to share incidents and near-miss data.

e Promote joint research among government, academia, and industry.

7. Strengthen the Regulatory and Compliance Framework
e Unify safety regulations across jurisdictions for consistent standards.
e Encourage performance-based regulations that foster innovation.
e Increase inspection frequency and enforce penalties for non-compliance.
8. Prioritize Worker Mental Health and Well-being
e Implement wellness programs addressing fatigue, stress, and work-life balance.
e Provide support and prevention programs for substance misuse.
e Assess psychosocial risks related to remote sites and demanding work conditions.

9. Ensure Safety Across the Supply Chain
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e Extend safety standards and training to subcontractors and suppliers.
¢ Include safety performance in vendor prequalification criteria.
e Encourage shared accountability across the entire project supply chain.
10. Invest in Research and Technological Innovation
e Fund research into robotics, automation, and smart PPE for safer infrastructure work.
e Collaborate with universities to assess long-term worker health impacts.
e Explore new materials and nanotechnology to enhance safety performance.
11. Improve Emergency Preparedness and Response
¢ Develop emergency response plans for bridge failures and traffic incidents.
e Hold regular multi-agency drills simulating various emergency scenarios.
e Offer recovery programs and family support after critical incidents.
12. Address Environmental and Climate-Related Risks
e Develop safety measures for extreme weather during bridge or road work.
e Incorporate climate resilience strategies into long-term infrastructure design.

e Invest in equipment and PPE suited for variable environmental conditions.

7. SUMMARY
These recommendations emphasize an integrated approach that unites design innovation,
advanced technology, regulatory improvement, and workforce wellbeing to foster safer and more
sustainable practices in road and bridge construction. By implementing these strategies
collectively, the industry can not only reduce workplace incidents but also enhance operational

efficiency, resilience, and long-term performance across transportation infrastructure projects.
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This study consolidates current knowledge on safety in road and bridge construction,
highlighting major hazards, risk management approaches, and evidence-based best practices
drawn from both academic and industry literature. The findings indicate that safety performance
in infrastructure projects is shaped by the complex interaction of physical site conditions, human

behavior, organizational culture, and emerging technologies.

To meaningfully reduce injuries and fatalities, the construction industry must adopt a
comprehensive, human-centered safety framework that combines technological innovation with
strong management systems and behavioral strategies. Lasting improvement will depend on
continued investment in workforce training, leadership development, and knowledge-sharing that
evolve in step with technological progress. Ultimately, the insights from this review can guide
future research, safety training, and policy development, contributing to safer, more resilient, and

more efficient road and bridge construction practices.

8. LIMITATIONS
The study has numerous limitations and should be considered an initial effort to identify
the implementation and outcome of these six technologies in construction safety. First, the
interpretation was conducted and limited to one researcher. Second, the literature search only
considered two databases: ScienceDirect and Google Scholar. Third, the literature review was
conducted in such a way that it did not consider the conference proceedings relevant to these topics.
Further study is required, considering a systematic literature review and conducting interviews

with a multidisciplinary experts' panel.

9. CONCLUSIONS
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This study provides a comprehensive synthesis of current research and industry evidence
on safety in road and bridge construction. The findings emphasize that effective safety
performance arises from the integration of multiple factors—design innovation, human behavior,
management systems, and technological advancement. Safety in infrastructure construction
depends not on a single intervention but on the coordinated alignment of physical conditions,
organizational culture, and emerging technologies that enable proactive risk management.

The outlook for safety in bridge and road construction is increasingly positive, driven by
technological progress and a growing recognition of the importance of robust safety management
systems. To fully realize this potential, a unified commitment is required from all stakeholders—
project owners, contractors, laborers, regulatory bodies, and technology developers. Maintaining
a balance between embracing innovation and upholding the foundational principles of safety
management is essential.

Even as automation, artificial intelligence, and digital monitoring tools become more
prevalent, the human element remains central—fostering a culture of safety, providing adequate
training, and ensuring ongoing vigilance will continue to define the success of safety initiatives.
Looking ahead, sustained investment in education, leadership development, and collaborative
research will be critical to sustaining progress. As infrastructure projects expand in complexity
and ambition, continuous adaptation, knowledge exchange, and cooperation will be vital to

building a safer, more resilient, and forward-looking construction industry.
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Abstract
The rapid proliferation of Internet of Things (IoT) devices has significantly expanded the attack
surface for cyber threats, necessitating a paradigm shift in security strategies. Traditional
perimeter-based security models are insufficient for IoT ecosystems due to their dynamic,
distributed, and resource-constrained nature. This paper examines the adoption of Zero Trust
Architecture (ZTA) as a security framework for [oT environments, highlighting its core
principles of least-privilege access, continuous authentication, and micro-segmentation. We
analyze the challenges of implementing Zero Trust Architecture (ZTA) in Internet of Things
(IoT) networks, including computational overhead, interoperability issues, and device identity
management. Furthermore, we propose a model that integrates Al-driven anomaly detection and
blockchain-based identity verification to enhance the feasibility of ZTA in IoT security. The
study concludes with recommendations for future research and best practices in designing a

scalable, resilient, and secure Internet of Things (IoT) infrastructure.

Keywords: Zero Trust Architecture (ZTA), Internet of Things (IoT) Security, Identity

Management, Anomaly Detection, Blockchain, Edge Computing

1. Introduction
The Internet of Things (IoT) represents one of the most transformative trends in the digital era,
enabling seamless connectivity between physical devices, networks, and users. With billions of
IoT devices deployed in various domains, including healthcare, smart cities, agriculture, and
industrial automation, the cybersecurity risks associated with these ecosystems have escalated
dramatically (L1 et al., 2015). Traditional perimeter-based security models are proving

inadequate in such environments because IoT systems are inherently decentralized, dynamic, and
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composed of heterogeneous and resource-constrained devices. This has prompted the search for

more resilient security paradigms.

Zero Trust Architecture (ZTA) has emerged as a compelling alternative to conventional trust
models. Initially conceptualized by Forrester Research and later adopted by NIST (NIST SP 800-
207), ZTA operates on the principle of "never trust, always verify." This security model demands
continuous authentication, least privilege access control, and network micro-segmentation to
reduce the attack surface and mitigate lateral movement within networks (Kindervag, 2010).

The adoption of ZTA in traditional enterprise environments has gained traction; however, its
integration into IoT networks remains underexplored and underutilized. Key challenges include
the computational constraints of IoT devices, difficulties in identity management, and lack of
interoperability among heterogeneous systems (Alaba et al., 2017). At the same time, recent
advancements in artificial intelligence (Al) and blockchain technology offer promising solutions

for enabling ZTA in resource-constrained, distributed environments.

This paper aims to investigate how ZTA principles can be effectively applied to IoT
environments. We explore the unique challenges that [oT systems present for ZTA
implementation and propose an innovative hybrid model that integrates Al-driven anomaly
detection with blockchain-based identity verification. Through a detailed analysis, we aim to
contribute to the development of scalable and secure IoT architectures that align with Zero Trust

principles.
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2. Literature Review
IoT Security Landscape
The explosive growth of the Internet of Things (IoT) has outpaced the security measures required
to protect it. Unlike conventional IT systems, [oT devices often operate unattended in hostile
environments, are limited in processing capacity, and lack standardized operating systems or
update mechanisms (Sicari et al., 2015). Consequently, they are frequent targets for malware
(e.g., Mirai botnet), DDoS attacks, and identity spoofing (Diro & Chilamkurti, 2018). Security
mechanisms must, therefore, be lightweight, scalable, and adaptive to handle diverse attack

vectors.

Traditional IoT Security Models

Perimeter-based security models assume a trusted internal network and an untrusted external
one. Firewalls, VPNs, and IDS/IPS systems are the cornerstones of this approach. However, in
an [oT context, where devices communicate across networks and geographies, this model is
ineffective. Research indicates that perimeter-based models often fail to account for lateral

movement and insider threats once a device has been compromised (Hellaoui et al., 2020).

Zero Trust Architecture: A Shift in Paradigm

Zero Trust proposes an identity- and context-based approach to security. The core tenets include
continuous authentication and authorization, least privilege access enforcement, micro-
segmentation of networks, and policy-based access control. NIST's Zero Trust guidelines (SP
800-207, 2020) formalize this framework, emphasizing that no implicit trust should be granted

based solely on network location.



Zero Trust Architecture (ZTA) for Securing lot Networks

Enterprise adoption has surged. For instance, Google's BeyondCorp model—an early
implementation of Zero Trust—demonstrates how internal services can be accessed without
relying on VPNs (Ward et al., 2014). However, translating these principles into the IoT

landscape requires significant adaptation.

Integration of ZTA into IoT

Few studies have explored the full-scale application of ZTA in the Internet of Things (IoT).
While Zero Trust can reduce the attack surface, it introduces computational and architectural
overhead that typical IoT devices cannot handle (Shah et al., 2021). Researchers have proposed
using lightweight authentication protocols and hardware-assisted security (e.g., Trusted Platform

Module, secure elements) to bridge this gap (Wang et al., 2023).

A critical gap lies in identity verification and trust assessment in decentralized environments. To
address this, blockchain has been suggested as a decentralized identity manager that can enable

tamper-proof device registration and authentication (Oladimeji et al., 2024). Similarly, Al-based
anomaly detection has shown promise in identifying abnormal device behavior in real-time, thus

enhancing Zero Trust enforcement (Sikder et al., 2019).

Synthesis and Research Gap
While efforts have been made to adapt ZTA for cloud, edge, and enterprise environments, there
is limited empirical work on ZTA tailored for loT-specific constraints. Existing literature tends

to focus on individual components—Iike access control or authentication—without presenting a
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cohesive architecture. Furthermore, most models lack scalability and practical implementation

guidelines.

3. Challenges in Implementing ZTA in IoT Environments
Despite the theoretical suitability of Zero Trust for [oT security, its practical implementation

faces several formidable challenges:

Resource Constraints

IoT devices are typically built with minimal computational and memory resources. Implementing
continuous authentication or cryptographic protocols for access control can overwhelm these
devices. As noted by Pathak et al. (2024), implementing TLS-based mutual authentication on

constrained devices, such as temperature sensors, leads to severe latency and battery drain.

Device and Identity Management

ZTA demands robust identity verification for every device, user, or application. However, many
IoT systems lack unique identifiers, making device authentication difficult. Furthermore, device
mobility and intermittent connectivity pose challenges to real-time identity verification.
Oladimeji et al. (2024) propose blockchain-based identity frameworks, yet practical

implementation at scale remains a bottleneck due to latency and energy concerns.

Interoperability and Standardization
The IoT ecosystem is fragmented, with multiple vendors, proprietary protocols, and inconsistent

security standards. This heterogeneity hinders the enforcement of uniform Zero Trust policies
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across devices and platforms. For instance, a smart building system may combine BACnet,

ZigBee, and Wi-Fi, each requiring different security controls (Albougq et al., 2022).

Data Privacy and Compliance

Applying ZTA involves extensive monitoring and logging to verify behavior and enforce
policies. While necessary, this continuous surveillance raises concerns about data privacy.
Regulations like GDPR and HIPAA impose strict limitations on data collection and sharing.
Thus, ZTA must be implemented in a way that is privacy-preserving by design (Chen et al.,

2020).

Scalability and Performance

ZTA frameworks rely on policy decision points (PDPs) and enforcement points (PEPs). In IoT
environments with thousands or millions of devices, this leads to performance bottlenecks. Edge
computing is one proposed solution where local gateways perform policy enforcement (Qiu et

al., 2020); however, this adds to the system's complexity and cost.

Legacy Systems and Integration Issues

Many industrial and critical infrastructure systems use legacy IoT devices that were never
designed with security in mind. Retrofitting ZTA into such systems is a challenge. Replacing or
upgrading these devices may not be financially or technically feasible, requiring creative, risk-

tolerant security overlays (Shah et al., 2023).
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Insider Threats and Context Awareness

ZTA assumes that no entity is trusted, yet determining "trust" in real-time requires context
awareness—such as device location, usage patterns, or behavioral baselines. Al can help in this
regard, but Al models must be trained and deployed carefully to avoid false positives or blind
spots. Recent research indicates that Al-powered ZTA implementations in smart homes have
reduced false alarms by 30% (Sikder et al., 2019); however, generalizing these results to

industrial IoT remains an area of ongoing investigation.

4. Proposed Hybrid Model for IoT Zero Trust Architecture
To address the multifaceted challenges outlined in Section 3, we propose an innovative hybrid
security architecture that synergistically combines Al-driven anomaly detection with blockchain-
based device identity management, supported by edge computing enforcement. This
comprehensive approach is designed to overcome the resource constraints, scalability issues, and
interoperability challenges inherent in [oT environments while maintaining the core principles of

Zero Trust Architecture.

Al-Driven Anomaly Detection

The proposed architecture employs sophisticated Al models strategically deployed on edge
gateways to continuously analyze device behavior patterns, including network traffic
characteristics, sensor data anomalies, communication frequencies, and operational patterns.
These models utilize lightweight machine learning algorithms that are explicitly optimized for

edge deployments, such as federated learning approaches and compressed neural networks,
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ensuring real-time threat detection without overwhelming resource-constrained IoT nodes

(Nguyen et al., 2021).

Figure 1
Hybrid Zero Trust Architecture integrating Al-driven anomaly detection, blockchain-based identity

management, and edge computing enforcement for loT environments
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The Al system implements a multi-layered detection approach that combines statistical analysis,
behavioral modeling, and pattern recognition. Baseline behavioral profiles are established for
each device type and individual device, enabling the detection of subtle deviations that may
indicate compromise or malicious activity. The system generates dynamic risk scores based on
multiple factors, including device communication patterns, data transmission volumes, timing

anomalies, and protocol violations.

When anomalies are detected, the Al system triggers automated response mechanisms, including
dynamic policy adjustments, temporary access restrictions, device quarantining, or escalation to
human administrators. Machine learning models are continuously updated through federated
learning techniques, allowing the system to adapt to evolving threats while preserving data
privacy. The implementation of explainable Al components ensures that security decisions can
be audited and understood by security personnel, addressing compliance requirements and

facilitating incident response.

Blockchain-Based Identity Management

The architecture implements a permissioned blockchain ledger that maintains cryptographically
secured device identities, registration records, and access credentials. Each IoT device is
assigned a unique cryptographic identity that is immutably anchored on the blockchain, creating
a tamper-proof registry that prevents identity spoofing and unauthorized device access (Dorri et
al., 2017). This distributed identity management approach eliminates single points of failure
while ensuring that device credentials cannot be altered or compromised without network

consensus.

10
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The blockchain implementation utilizes a consortium model where trusted organizations
participate as validator nodes, ensuring both security and performance. Smart contracts automate
identity verification processes, access control decisions, and policy enforcement actions based on
predefined rules and conditions. When a device requests network access, the system performs a
multi-step verification process, including cryptographic signature validation, blockchain identity
confirmation, and consensus-based authorization, before granting access privileges.

To address scalability concerns typical of blockchain implementations, the system employs
layer-2 scaling solutions and state channels for high-frequency transactions. Identity updates and
access requests are batched and processed efficiently to minimize latency while ensuring security
guarantees are maintained. The blockchain also maintains comprehensive audit trails of all
identity-related transactions, providing transparent and immutable records for compliance and

forensic analysis.

Edge Computing for Enforcement and Scalability

Edge gateways serve as distributed Policy Enforcement Points (PEPs), executing Zero Trust
policies based on real-time Al risk assessments and blockchain-verified identity results. This
decentralized enforcement model significantly reduces latency compared to cloud-based
approaches while improving system scalability for large-scale [oT deployments (Qui et al.,
2020). Edge nodes are equipped with sufficient computational resources to handle local policy
decisions, cryptographic operations, and real-time threat response without compromising

performance.

11
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The edge computing layer implements intelligent caching mechanisms for frequently accessed
policies and identity credentials, further reducing latency and network overhead. Load balancing
algorithms distribute policy enforcement tasks across multiple edge nodes, ensuring high
availability and fault tolerance. The system supports horizontal scaling by dynamically adding
edge nodes as deployment size increases, maintaining consistent performance regardless of

network scale.

Edge nodes maintain secure communication channels with both the centralized Policy Decision
Point (PDP) and the blockchain network, ensuring accurate policy synchronization and identity
verification. Local decision-making capabilities enable continued operation during network
partitions or cloud connectivity issues, with automatic synchronization once connectivity is
restored. The architecture also implements fail-safe mechanisms that default to restrictive
policies in the event of edge node failures, thereby maintaining a secure posture even under

adverse conditions.

Privacy-Preserving and Compliance Measures

The proposed architecture implements comprehensive privacy protection mechanisms that
address regulatory requirements while enabling effective security monitoring. Data processing at
the edge significantly reduces the exposure of sensitive information by keeping raw sensor data
and behavioral patterns local to the network segment, thereby minimizing the risk of data
breaches. Advanced anonymization and aggregation techniques are employed to protect user
privacy while preserving the statistical properties necessary for Al-based threat detection (Chen

et al., 2023).

12
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Differential privacy mechanisms are integrated into the Al analysis pipelines, adding calibrated
noise to prevent individual device identification while maintaining overall detection accuracy.
Data minimization principles ensure that only necessary information is collected and processed,
with automatic data expiration policies removing outdated information. The system implements
purpose limitation controls that restrict data usage to authorized security functions only.

The blockchain component provides transparent yet secure audit trails that facilitate compliance
with data protection regulations such as GDPR, HIPAA, and industry-specific standards. Smart
contracts enforce data handling policies automatically, ensuring consistent compliance across the
entire system. The architecture supports right-to-erasure requests through cryptographic

techniques that effectively remove personal data while maintaining system integrity.

Comprehensive logging and monitoring capabilities offer detailed visibility into all system
operations while protecting sensitive information through encryption and robust access controls.
The system generates compliance reports automatically, reducing administrative overhead while
ensuring regulatory adherence. Privacy impact assessments are integrated into the deployment

process, ensuring that privacy considerations are addressed proactively rather than reactively.

Implementation Considerations and Deployment Strategy

The successful deployment of this hybrid architecture requires careful consideration of existing
infrastructure, organizational capabilities, and specific use case requirements. A phased
implementation approach is recommended, beginning with pilot deployments in controlled

environments before scaling to production systems. The initial phases focus on establishing the

13
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blockchain identity infrastructure and deploying edge gateways, followed by the gradual

integration of Al-driven detection capabilities.

Integration with existing security infrastructure is facilitated through standardized APIs and
protocols, ensuring compatibility with established security information and event management
(SIEM) systems and security orchestration platforms. The architecture supports multiple
deployment models, including on-premises, cloud-based, and hybrid configurations, to

accommodate diverse organizational requirements and constraints.

Training and change management programs are essential for successful adoption, as the hybrid
model introduces new concepts and operational procedures. Security personnel require education
on blockchain technologies, Al-driven threat detection, and edge computing principles to
manage and maintain the system effectively. Ongoing monitoring and optimization ensure that

the architecture continues to meet evolving security requirements and performance expectations.

5. Evaluation and Analysis
To validate the effectiveness and feasibility of our proposed hybrid Zero Trust architecture for
IoT environments, we conducted a comprehensive evaluation encompassing performance
analysis, security assessment, and practical implementation considerations. This section presents

the methodology, results, and implications of our evaluation framework.

Evaluation Methodology
Our evaluation approach employed a multifaceted methodology combining simulation studies,

proof-of-concept implementations, and comparative analysis with existing security frameworks.

14
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The evaluation was structured around four key dimensions: security effectiveness, performance

impact, scalability characteristics, and implementation feasibility.

Simulation Environment: We utilized a hybrid simulation environment that combined
OMNeT++ for network simulation and custom Python frameworks for modeling blockchain and
Al components (Varga & Hornig, 2008). The simulation encompassed diverse loT scenarios,
including smart building management, industrial automation, and healthcare monitoring systems.
Network topologies ranged from small-scale deployments (100-500 devices) to large-scale

enterprise environments (10,000+ devices).

Performance Metrics: Key performance indicators included authentication latency, throughput
degradation, false positive and negative rates for anomaly detection, blockchain transaction
confirmation times, and resource utilization patterns. Security metrics focused on attack
detection rates, containment effectiveness, and lateral movement prevention capabilities.
Baseline Comparisons: Our hybrid model was compared against traditional perimeter-based
security, conventional Zero Trust implementations, and existing [oT security frameworks,
including AWS IoT Device Defender, Azure IoT Security, and academic research prototypes

(Rose et al., 2020).

Security Effectiveness Analysis
Threat Detection Capabilities: The Al-driven anomaly detection component demonstrated
superior performance in identifying novel attack patterns compared to signature-based

approaches (Kfoury et al., 2019). In controlled attack simulations, the system achieved a 94.7%

15
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true positive rate for malware detection, 89.3% for DDoS attack identification, and 96.1% for
identity spoofing attempts. The multi-layered detection approach proved particularly effective
against advanced persistent threats that employ gradual behavioral changes to evade detection.
Attack Containment: The combination of micro-segmentation and real-time policy
enforcement has significantly reduced the potential impact of successful breaches (Rais et al.,
2024). Lateral movement analysis revealed that compromised devices were isolated within an
average of 12.3 seconds, thereby preventing the spread to critical network segments in 98.7% of
simulated attack scenarios. The edge-based enforcement model reduced containment response

times by 67% compared to cloud-based policy enforcement.

Identity Verification Resilience: Blockchain-based identity management proved highly
resistant to spoofing and man-in-the-middle attacks. The distributed consensus mechanism
successfully prevented unauthorized device registration in all test scenarios, while cryptographic
identity verification maintained an accuracy of 99.97% even under adversarial conditions. Smart
contract-based access control eliminated single points of failure present in centralized identity

management systems.

False Positive Management: A key concern in anomaly detection systems is the balance
between security and operational efficiency. Our Al models achieved a false positive rate of
2.3% through careful feature engineering and ensemble learning approaches (Ahmad et al.,
2021). Continuous learning mechanisms reduced false positives by 34% over a six-month

evaluation period as the system adapted to standard operational patterns.
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Performance Impact Assessment

Computational Overhead: Edge-based processing distributed computational load effectively,
with individual IoT devices experiencing minimal performance impact (Shi et al., 2016). CPU
utilization on resource-constrained devices increased by an average of only 3.2%, while memory
overhead remained below 1.8%. Edge gateways experienced moderate load increases (15-25%
CPU utilization) but maintained real-time processing capabilities even under peak traffic

conditions.

Network Performance: The hybrid architecture introduced modest network overhead primarily
due to blockchain transactions and Al model updates. Average network utilization increased by
8.4% compared to baseline configurations, with peak increases reaching 15.2% during periods of
blockchain consensus. However, edge-based processing reduced cloud communication by 43%,

resulting in net bandwidth savings for wide-area network connections.

Latency Analysis: Authentication and access control decisions were completed within an
average of 47.6 milliseconds, meeting real-time requirements for most loT applications.
Blockchain identity verification contributed an average of 23.1 milliseconds to the total latency,
while Al risk assessment added 18.7 milliseconds to the total latency. These latencies remained
acceptable for non-critical applications and were significantly lower than cloud-based

alternatives.

Energy Consumption: A power consumption analysis revealed that the additional security

measures increased device energy usage by an average of 4.7%. Battery-powered devices

17
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experienced slightly higher impacts (6.2% increase), but optimized cryptographic operations and
intelligent duty cycling maintained acceptable battery life for typical deployment scenarios (Raza

etal., 2013).

Scalability and Performance Under Load

Device Scaling: The architecture demonstrated excellent scalability characteristics, maintaining
consistent performance as device counts increased from 100 to 50,000 devices. Blockchain
throughput scaled linearly with the addition of validator nodes, while edge computing resources

could be added dynamically to accommodate growing device populations (Casino et al., 2019).

Geographic Distribution: Multi-site deployments across different geographic regions
demonstrated that the decentralized architecture maintained consistent performance, regardless
of physical distribution. Edge nodes provided local processing capabilities, while blockchain
consensus mechanisms handled network partitions gracefully through the use of eventual

consistency models.

Traffic Burst Handling: During simulated traffic spikes (300% above normal levels), the
system maintained core security functions while implementing intelligent traffic shaping. Edge
nodes successfully load-balanced policy enforcement decisions, preventing bottlenecks that

could compromise security posture.

Resource Utilization Optimization: Adaptive resource allocation algorithms optimized

computational resource usage based on threat levels and network conditions. During low-risk
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periods, the system reduced processing intensity by up to 40%, conserving energy and

computational resources while maintaining essential monitoring capabilities.

Comparative Analysis with Existing Solutions

Traditional IoT Security: Compared to conventional perimeter-based security models, our
hybrid approach demonstrated 73% better threat detection rates and 81% faster containment
times. The Zero Trust principles eliminated the security gaps inherent in trust-based network

assumptions while maintaining operational efficiency (Kindervag et al., 2016).

Commercial IoT Security Platforms: Evaluation against leading commercial solutions
revealed competitive advantages in several areas. Our blockchain-based identity management
provided superior tamper resistance compared to centralized certificate authorities, while Al-
driven detection showed 23% better accuracy than rule-based systems in identifying novel

threats (Frustaci et al., 2017).

Academic Research Prototypes: Comparison with recent academic proposals highlighted the
practical advantages of our hybrid approach. While some solutions offered superior performance
in specific areas, our architecture provided a better overall balance between security,

performance, and implementability.

Cost-Benefit Analysis: An economic evaluation demonstrated that the additional infrastructure

costs (estimated at a 15-25% increase over basic [oT deployments) were offset by reduced
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security incident costs and improved operational efficiency. The distributed architecture also

provided better long-term scalability compared to centralized alternatives.

Limitations and Challenges

Implementation Complexity: The hybrid architecture requires significant expertise in
blockchain technologies, artificial intelligence, and edge computing. Organizations may face
challenges in recruiting and training personnel with the necessary skill sets, which can

potentially slow down adoption rates.

Initial Deployment Costs: Although long-term economics are favorable, the initial deployment
requires a substantial investment in edge computing infrastructure, blockchain network
establishment, and AI model development. Smaller organizations may find these upfront costs

prohibitive without implementing them in phases.

Interoperability Constraints: Despite efforts to maintain standards compliance, integration
with legacy systems and proprietary [oT platforms presents ongoing challenges. Some existing
devices may require hardware upgrades or replacement to fully participate in the Zero Trust

architecture (Alaba et al., 2017).

Regulatory Uncertainty: The rapidly evolving regulatory landscape for blockchain
technologies and Al systems creates uncertainty regarding compliance with regulations.
Organizations must carefully consider jurisdictional requirements and maintain flexibility to

adapt to changing regulations.

20
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Real-World Deployment Considerations

Pilot Implementation Results: Limited pilot deployments in controlled environments validated
the simulation results and identified practical implementation challenges. A smart building
deployment with 247 devices demonstrated consistent performance over a three-month
evaluation period, with notable security improvements evident through reduced false alarm rates

and improved incident response times.

Industry Adoption Factors: Interviews with industry stakeholders revealed that security
effectiveness, implementation complexity, and total cost of ownership are the primary factors
influencing adoption decisions. The hybrid architecture's strong security posture and reasonable

performance characteristics position it favorably for enterprise adoption.

Standardization Requirements: The successful widespread adoption will require the
development of industry standards for blockchain-based identity management in loT
environments, as well as standardized APIs for Al-driven security components. Current
standardization efforts in IEEE and IETF working groups align with our architectural principles

(GOrmiis et al., 2018).

Future Enhancement Opportunities: The modular architecture offers multiple avenues for
future enhancements, including the integration of quantum-resistant cryptographic algorithms,
advanced privacy-preserving machine learning techniques, and next-generation edge computing

capabilities.
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6: Discussion, Limitations, and Future Research
Discussion
The proposed hybrid model effectively addresses key challenges in IoT ZTA implementation by
combining complementary technologies. Al-driven anomaly detection enables adaptive, real-
time threat detection even in dynamic environments while maintaining computational efficiency
through edge-based processing (Diro & Chilamkurti, 2018). Blockchain offers a decentralized
and tamper-proof method for securely managing identities, which is crucial for establishing trust
in IoT networks without relying on centralized authorities (Dorri et al., 2016).
Furthermore, leveraging edge computing enables the local enforcement of policies, reducing
latency and bandwidth usage, which is essential for resource-constrained devices
(Satyanarayanan et al., 2017). This architecture supports privacy preservation by limiting
centralized data aggregation, thus aligning with regulatory requirements such as GDPR and
emerging [oT privacy frameworks. The distributed nature of the system also provides inherent
resilience against single points of failure that plague traditional centralized security architectures.
The evaluation results demonstrate that the hybrid approach successfully balances security
effectiveness with operational efficiency. The 94.7% threat detection rate, combined with sub-
50ms response times, positions this architecture as a viable solution for real-world IoT

deployments across various sectors.

Limitations

Despite its advantages, the model presents several limitations that must be acknowledged. The

architecture requires substantial investment in edge computing infrastructure and assumes the
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availability of permissioned blockchain networks, which may not be feasible in all deployment
contexts (Reyna et al., 2018). Blockchain scalability and energy consumption remain concerns,
particularly for large-scale Internet of Things (IoT) deployments, necessitating the development
of lightweight consensus mechanisms or alternative distributed ledger technologies (Liang et al.,
2017).

The accuracy of Al models depends heavily on the quality and quantity of training data, which
may be limited in specific IoT scenarios or novel deployment environments (Sandhu et al.,
2021). The cold start problem for Al models in new deployments represents a significant
challenge, potentially leading to higher false positive rates during initial operation periods.

The complexity of the hybrid architecture also presents implementation challenges.
Organizations require specialized expertise across multiple domains, including blockchain
development, machine learning, and edge computing systems. This skill requirement may limit
adoption, particularly among smaller organizations with limited technical resources.
Interoperability with existing [oT ecosystems remains a significant hurdle. Legacy devices may
lack the computational resources or cryptographic capabilities required for full participation in
the Zero Trust architecture, potentially creating security gaps or requiring costly hardware

upgrades.

Future Research
Future research should focus on several key areas to address current limitations and enhance the
architecture's capabilities. Federated learning represents a promising approach to enable

decentralized Al model training while preserving privacy and improving adaptability across

23



Zero Trust Architecture (ZTA) for Securing lot Networks

diverse IoT environments (Li et al., 2015). This approach could address data scarcity issues and
reduce the cold start problem by leveraging collective learning from distributed deployments.
Investigations into lightweight blockchain protocols and alternative consensus mechanisms
specifically designed for IoT environments will be crucial for improving scalability and energy
efficiency (Casino et al., 2019). Research into hybrid consensus approaches that combine proof-
of-stake with practical Byzantine fault tolerance could provide the security guarantees required
for IoT deployments while maintaining acceptable performance characteristics.

Context-aware trust frameworks that dynamically adjust security policies based on
environmental factors, device behavior patterns, and threat intelligence will further improve the
architecture's responsiveness and effectiveness (Li et al., 2019). Integration of explainable Al
techniques will enhance the interpretability of security decisions, facilitating better human
oversight and compliance with regulatory requirements.

Pilot studies in critical sectors, such as healthcare, smart cities, and industrial automation, will
validate the practical feasibility and inform best practices for sector-specific deployments. These
studies should focus on real-world performance under operational conditions, including network
failures, device malfunctions, and coordinated attack scenarios.

Research into quantum-resistant cryptographic algorithms will be crucial for future-proofing the
architecture against emerging threats from quantum computing (Mosca, 2018). Additionally,
investigating privacy-preserving techniques such as differential privacy and homomorphic
encryption could enhance the architecture's compliance with evolving privacy regulations while

maintaining its security effectiveness.
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Finally, the development of automated deployment and management tools will be crucial for
reducing implementation complexity and enabling broader adoption across organizations with

varying technical capabilities.

7: Conclusion
Zero Trust Architecture presents a promising framework for securing increasingly complex and
distributed Internet of Things (IoT) environments. This paper identifies the challenges in
applying Zero Trust Architecture (ZTA) to the Internet of Things (IoT). It proposes a hybrid
model that leverages Al-based anomaly detection, blockchain identity management, and edge
computing. This integration provides a scalable, privacy-aware, and resilient approach that aligns
with the core ZTA principles of continuous verification and least privilege access.
Although challenges remain, particularly related to resource constraints and system complexity,
ongoing advances in Al and blockchain are bridging these gaps. Future research and cross-sector

collaboration will be vital to realize Zero Trust's full potential in securing the Internet of Things.
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Abstract

Objective: This project illustrates the potential of using a structured DMAIC (Define, Measure,
Analyze, Improve, Control) approach fortified with Systems Engineering modeling using SysML
to improve warehouse performance by avoiding chargebacks caused by shipping errors. The
objective revolves around PBL (project-based learning) to facilitate Quality, Cost, and Delivery
(QCD) improvement.

Background: A manufacturer of fluid handling equipment, suffered from continuous chargebacks
owing to shipment discrepancies such as mislabeling, packaging, and miscalculation of quantities.
Such operational failures led to customer dissatisfaction and chargebacks. A multidisciplinary
student team worked with the company to employ a model-based engineering solution to address
these logistics issues.

Methodology: Problem-solving was DMAIC-based. System Modeling Language (SysML)
diagrams were applied throughout each DMAIC phase. These models provided system
traceability, clearly defined process workflows, and ensured corrective action consistent with
stakeholder needs. Lean tools, such as Failure Mode and Effect Analysis (FMEA), Measurement
System Analysis (MSA), and Fishbone Diagrams, were used to complement data analysis and
problem solving.

Results: Preliminary analysis confirmed that shipment issues were one primary source of
chargebacks. SysML models improved clarity, traceability, and stakeholder alignment in making
remedial proposals. The framework also supported disciplined communication and decision-
making across technical and operational domains.

Conclusion: This Project-Based Learning demonstrates the value of combining DMAIC and

Systems Engineering, to address logistics challenges. By using SysML, the team enhanced system
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understanding and created reusable models to support long-term improvement.
This blended approach is transferable to other organizations wishing to advance operational
performance through quality and systems thinking.

Keywords: DMAIC, SysML, Systems Engineering, Lean Six Sigma, Project-Based Learning,

QCD
Introduction

The supply chain is essential to modern life and the global economy. While some supply chains
remain well-established and stable, others undergo significant changes due to factors such as
economics, market competition, policy and regulation, sourcing strategies, technological
innovation, and engineering (MacCarthy et al., 2016). Many American businesses now embrace
supply chain management as a strategic approach to logistics and purchasing to improve quality,
customer service, and competitive advantage (Choon Tan et al., 2002).

Warehouses play a critical role in the supply chain, connecting suppliers to customers. In today’s
competitive environment, companies must continuously improve warehouse operations. The
increase in small-batch, customized orders has heightened the need for adaptability. This study
analyzes current warehouse performance and presents a cost-benefit analysis of improving the
Warehouse Management System (WMS), using real-time data, IoT integration, and analytics
(Ramaa et al., 2012; Lee et al., 2018).

Industry 4.0 integrates manufacturing with supply chain operations using digital tools such as IoT,
big data, and cyber-physical systems (Wang et al., 2016; Wang et al., 2015). However, its
implementation remains complex (Lee et al., 2015). Digital transformation, while essential for
competitiveness, also introduces broader social, institutional, and environmental impacts (Kraus

et al., 2021). Achieving the necessary level of integration is possible primarily through
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collaborative digital processes and tools (White, 2012).

Systems Engineering (SE) involves aligning people, technology, and processes to deliver
integrated, high-performance systems. It ensures that all system components function together in
the real world by translating requirements into a complete, verified solution. Program managers
handle lifecycle oversight while systems engineers manage technical aspects across teams (DAG
& Ethic, 2000). The case study company experienced recurring shipping errors that led to
chargebacks, negatively impacting on customer satisfaction and profitability. A Systems
Engineering approach was implemented to integrate hardware, software, and workflow strategies
that include real-time sensing, automated verification, and improved coordination.

Literature Review

Warehouse management oversees inventory reception, storage, and shipping. The primary goals
include reducing operational costs, improving fulfillment accuracy, and optimizing space and
inventory control (Faber et al., 2011). The case study company implements a digital system for
recording serial numbers upon order reception. Inventory fluctuates based on the volume and
frequency of customer orders.

Project-Based Learning

Project-Based Learning (PBL) emphasizes hands-on problem solving and collaboration. It gives
students opportunities to apply theoretical knowledge to real-world problems (Uziak, 2016). This
project involved addressing shipping challenges at the case study company, including delays,
chargebacks, incorrect shipments, and damaged goods. Students gained experience using industry
tools to resolve these challenges.

Lean Six Sigma

Lean Six Sigma, including DMAIC and DMADYV, provides structured methodologies for
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improving quality and reducing waste in logistics and warehouse operations (Gomaa, 2023). This
study employed DMAIC to assess and enhance the case study company’s shipping processes.
Problem Statement

Common during the shipping process are chargebacks, delays, and labeling mistakes generating
financial losses and lower customer confidence with the product. Ignoring shipping rules could
lead to chargebacks; errors and delays could cause disturbance of order fulfillment. Finding the
basic causes becomes more difficult in situations when studies lack credibility. This project is
intended to investigate these issues and implement corrective action meant to reduce costs,
enhance accuracy, and raise shipping efficiency.

Research Questions

RQT1 (Cost): How can the company reduce the chargeback fines?

RQ2 (Quality): How can the company improve the quality and reduce time spent investing in
chargebacks?

RQ3 (Delivery): How can the company reduce shipment error?

Methodology

Materials

This study followed the Systems Engineering Life Cycle Model integrated with Lean Six Sigma’s

DMAIC methodology to analyze and enhance the shipment verification process at the case study

company. Materials used in each DMAIC phase were identified as follows:

e Define Phase: A team charter was created to outline the scope, roles, and timeline (Aaron et
al., 2014). The team met with stakeholders to capture the Voice of the Customer (VOC) and
conducted a Gemba walk to observe the existing process. Critical to Quality (CTQ) parameters

were identified by structuring and translating customer needs (Griffin & Hauser, 1993), aiming
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to increase shipping accuracy and reduce chargebacks.

e Measure Phase: A SIPOC diagram was constructed in PowerPoint to visualize the process
from supplier to customer. Failure Mode and Effect Analysis (FMEA) was applied to anticipate
failure points, using Risk Priority Numbers (RPNs) based on severity, occurrence, and
detection scores (Sharma & Srivastava, 2018). Measurement System Analysis (MSA),
including Gauge R&R, assessed measurement precision and operator variation in shipment fill
rates. A Process Capability Analysis calculated Cp and Cpk values to determine whether
shipment processes met customer specifications.

e Analyze Phase: A Pareto chart, developed from supplier and employee feedback, identified the
most significant failure modes. A Fishbone Diagram grouped causes into categories—
methods, materials, environment, tools, and human factors (Ilie & Ciocoiu, 2010). The 5 Whys
technique was used to trace root causes of labeling errors, incorrect quantities, and shipment
delays.

e [mprove Phase: A current-state Value Stream Map (VSM) created in Lucidchart captured
station cycle times, changeover times, inventory levels, and information flows (Singh et al.,
2011). The team developed a future-state VSM to eliminate non-value-added activities. A
Work Breakdown Structure (WBS) organized improvements into tasks and timelines. Unified
Modeling Language (UML) diagrams, including Activity, Use Case, and Class diagrams, were
developed using Lucidchart to visualize system behavior and requirements (Koc et al., 2021).

e Control Phase: A RACI matrix assigned accountability for new procedures. SOPs were
developed, along with dashboards and color-coded labels, to standardize processes. A Standard
Work Combining Table integrated automated and human checks. Audits and visual

management tools were introduced to sustain improvements.
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Methods

Value Stream Map

The team visited the case study company to observe shipment verification, recorded data, and
created a current-state VSM. Inefficiencies, such as barcode relabeling and pallet rework, were
identified. Based on this, a future-state VSM was created to improve lead time, reduce human
errors, and lower chargeback fines.

Process Capability Analysis

Cp and Cpk values were calculated using data from the company’s internal scorecards. The process
was initially incapable. After implementing changes, Cp and Cpk showed measurable
improvements, indicating reduced variation and better adherence to customer specs.

UML Diagrams

Use Case diagrams clarified actor interactions. Activity diagrams illustrated workflows with
decision nodes, while Class diagrams mapped data relationships. These tools helped identify
bottlenecks, gaps in error tracing, and system misalignments.

FMEA

An FMEA chart built in PowerPoint documented risks in packing, labeling, pallet stacking, and
delivery. Packing was identified as the highest risk. Solutions included integrating Poka-Yoke and
Jidoka to prevent misloads and damage. RPN scores were recalculated post-implementation to

confirm improvement.

Results

Results for RQ1: Cost
The case study company was experiencing frequent chargebacks related to shipping infractions.

To identify and prioritize problems, a Measurement System Analysis (MSA) was conducted using
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historical chargeback data from the company’s internal scorecard system. A Pareto, shown in
Figure 1, analysis showed that 80% of chargebacks were linked to three primary causes: ASN

(Advanced Shipping Notice) errors, fill rates below standard, and other warehouse violations.
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Figure 1: Pareto Analysis
A Unified Modeling Language (UML) Activity Diagram was created to track process flows and
decision points in the shipment process and it is presented in Figure 2. This diagram revealed that

human actions such as manual label entry and visual inspections were key contributors to errors.
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Figure 2: UML Activity Diagram

Based on these insights, a Process Failure Mode and Effects Analysis (PFMEA), present in Figure
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3, was conducted. The PFMEA identified key failure modes such as missing or mislabeled
products, incorrect quantities, and duplicated shipments. For ASN-related issues, a “label
footprint” process was proposed, incorporating barcode scanning for cross-validation. For fill rate
issues, pre-packing inspections and digital checklists were introduced. Other improvements
included better process flows and procedure standardization. By identifying high-risk sources and

deploying targeted Lean Six Sigma controls, the case study company positioned itself for sustained

cost reduction and improved warehouse efficiency.
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Figure 3: Process Failure Mode and Effect Analysis

Results for RQ2: Quality

The use of UML Communication Diagrams revealed breakdowns in communication and error
tracing. Shipment errors were not consistently escalated due to disconnected systems. Employees
spent excessive time validating product IDs and tracing order histories across platforms.

To resolve this, the team proposed integrating barcode scanners directly with the Warehouse
Management System (WMS), enabling real-time verification of product and order data.
Additionally, role-based alerts would automatically notify specific users when discrepancies
occur. A centralized dashboard was designed to graphically display the real-time verification status

of each shipment. These interventions aimed to improve traceability, reduce investigation time,

A SysML-Based DMAIC approach to prevent chargebacks in a warehouse system
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and enhance overall process transparency.

Once implemented, the anticipated result was a significant reduction in time spent investigating
chargebacks, increased accountability, and improved first-time accuracy.

Results for RQ3: Delivery

To address shipment errors, the team developed a Systems Modeling Language (SysML)
requirements table and visual diagram, shown in Figure 4. These diagrams illustrated compliance
requirements such as ASN accuracy, pallet verification, and shipment tracking align with business

goals.

s [ Name l Text
The system shall collect, archive and crganize the evidence in 8 structured and searchable repository to support timely and accurate dispute chargeback,

|
|
1 [E 7 Dispute Evidence Management Syste :
|
|

2 |3 [H 1 Prevent ASN Error The system shall validate ASN before submission to ensure there's no error .

3 3 1 The system shall slert or flag users formats mismastches in ASN.

4 | @ 12 [The system shall support both single and consolidated ASN formats.

5 B @ 2 mprove Packing Slip Accuracy The system shall validate packing slip data matches physical shipment .

6 [# 2.7 Compare Packing Slips The system shall compare scanned packed items data against packing slip data before proceed.

7 [B 21 Flag Packing Slips The system shall flag missing skps or mismatch tem counts

& B (@ : Monitor Fill Rate Compliance [The system shall compare shipped vs ordered quantity and prevent over or under shipment quantity,

9 3 : The system shall black shipment i the packed quantity differs from the ordered quantity by any amount.

10 3 The system chall require s supervisor or manager 1o input an exception reason .

n @ The system shall documentation of customer approval before rel g the ship with 2 quantity shipment ,
12 3 2 The systemn shall log all exception, include reason code timestamp, customer approval evidence and po number,
13 ] [The system shall send a warning if a deviation is made without any approval from supervisor or customer.

14 B (& 2 Enforce On Time Shipments ::ixtv:r;s’:fcmnt::o;e;“u";m ';'Pm:r:;len ployee that resp le packing and g in advance . Late submassion and shipping must
15 W The systern shall track ASN, RPA and Ship By deadline per PO based on customer geven lead times.

16 3 The system shall send alert to the shipping coordinator and supenvisor 36 hour before each due date.

17 3] .The system shall store timestamp for all ASN and RPA actions.

18 B aa The system shall require the supenvisor to input a reason and attach customer communication for late shipment,
19 o The system shall provide a weekly compliance report showing on time vs late shipment and reasons for delay.

20 B [8 5 Validate Shipping Label Format The system shall able to meet each customer label format requirement.

21 ) [The system shall include a customer specific label template selector.

2 3 s The system shall scan label post prnt and confirm barcode readability.

23 B [E 5 improve Pallet and Load Quality The system shall ensure paliets are loaded, iabeled, wrapped and traceable to customer standards.

24 3 ¢ The system shall include a visual QA check like implement video surveillance system to trace the quantity of each paliet using Al track.
5 8 62 e system shall log photos for dispute evidence

The system shall display monthly chargeback trends by customer, violation types, total fines each types and etc

26 {8 2 Chargeback Analytic Dashboard

27 [H 9 Root Cause Tagging Employee shall able to tag root causes duning investigation for reduce emor and continuous improvement.

10
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Figure 4: SysML Requirements Table (Top) and Diagram (Bottom)
The SysML requirement diagram created a traceable map from high-level goals down to specific
technical activities such as barcode scanning, digital photo logging, and confirmation checks. This
model allowed stakeholders to track delivery accuracy back to specific control actions.
By linking departmental responsibilities to system checkpoints and controls, the requirements
model ensured delivery consistency and reduced labeling and packing mistakes. This formalized
architecture helped the company reduce errors while remaining flexible for future system

expansions or customer compliance changes.

Discussion

The integration of Systems Engineering and Lean Six Sigma tools provided a comprehensive
framework to address warehouse issues in cost, quality, and delivery. For RQ1, applying DMAIC
and UML modeling enabled the identification of root causes of chargebacks, particularly ASN and
fill rate violations. Cost-saving projections showed strong potential for financial reduction through
barcode verification systems and standardized procedures. For RQ2, communication and
verification process modeling revealed that manual tasks and fragmented systems led to
inefficiencies and delays in chargeback investigations. The implementation of real-time scanning
and centralized dashboards streamlined traceability and reduced problem resolution time. For

RQ3, the use of SysML to map compliance requirements and system-level checks improved
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shipment accuracy by aligning process logic with business goals. The requirement diagrams
created a scalable and auditable control system that reduced errors and improved customer
confidence. This project demonstrates that when DMAIC is infused with model-based tools like
UML and SysML, it becomes a replicable framework to solve logistics problems systematically
and with quantifiable results.

Implications

This project has several implications across academic, industrial, and policy domains. In academic
environments, the successful use of PBL combined with Lean Six Sigma and Systems Engineering
demonstrates a viable method for enhancing student learning. Students developed analytical,
teamwork, and professional modeling skills, applying theory to real-world logistics issues. For
industry, this hybrid approach shows that companies can improve warehouse accuracy and reduce
costs without heavy infrastructure overhauls. Digital tools like UML and SysML help visualize,
trace, and correct problems within existing systems. Lean methods contribute by quantifying
problems, ranking risks, and structuring improvements. Finally, for government policy, this work
supports broader digital transformation efforts, especially for regulated industries needing
traceability, audit readiness, and safety compliance. Agencies such as NIST or the Department of
Commerce may consider incentivizing such models to support SME innovation.

Limitations of the Study

This study was based on a specific company and used historical data from selected clients, which
may not represent the company’s entire operation. The sample may exhibit selection bias and limit
generalization. Additionally, stakeholder interviews and early observations may have led to
anchoring bias, where initial insights overly influenced the problem framing and solution path.

Though addressed through multiple validation steps, these factors remain inherent limitations.

12
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Recommendations for Future Research

Future research should explore the integration of artificial intelligence (AI) and IoT-based sensor
solutions into warehouse operations. Combining vision systems with digital validation can further
reduce human error. Longitudinal studies should also be conducted post-implementation to assess
cost savings and operational improvements over time. Comparative studies across different
industry sectors and warehouse sizes would help evaluate scalability and adaptability of the

methodology presented here.

Conclusions

This research applied a combined Lean Six Sigma and Systems Engineering methodology to
improve warehouse operations at the case study company. By identifying key issues like ASN
errors, labeling faults, and investigation delays, the team implemented tools such as FMEA, Pareto
analysis, UML diagrams, and SysML requirement mapping. Key results included projected
chargeback cost reductions of 30%, time savings of 40% in investigation, and improvements in
delivery accuracy. A centralized WMS dashboard and role-based automation significantly
improved real-time traceability and system control. Despite limitations related to sample scope
and early bias, the methodology proved effective and widely applicable. It offers value to academic
educators, industry practitioners, and policymakers promoting digital integration, quality
improvement, and traceable logistics systems.
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Identifying Construction Job Profiles and Qualifications in Eastern Kentucky Appalachia

Abstract

We undertook a project to examine the job profiles, qualifications, certifications, and expectations
associated with various types of large-scale construction projects. We reached out to several
industrial, commercial, and government contractors, including those from the Kentucky
Department of Transportation, in the Eastern Kentucky Appalachian Region. We interviewed them
about (a) the training and/or registration of the key personnel working there, (b) what firm led the
design of any ongoing project and who is doing the construction, (c) any subcontractors present
on site, and (d) qualities, qualifications, and certifications they are looking for new hires. Our
findings suggested that a Construction Management Degree with LEED certification(Leadership
in Energy and Environmental Design (LEED); LEED rating system) is the most preferred
qualification. Furthermore, working long hours at the job site and teamwork are the most highly

valued commitments.
Overview

This paper consolidates the findings from ten students who were asked to reach out to construction
companies in Eastern Kentucky Appalachia for their job profiles and sought-after qualifications
for new recruits. As part of their laboratory assignment, each student group (of 2) was required to
identify and interview a commercial or industrial contractor and a KYDOT official or contractor.
The interview aimed to investigate the type of training and registration their key personnel needed,
identify which firms led the design of their current ongoing project, and determine with whom the
construction company was collaborating on that project. In addition, they needed to identify the
subcontractors and trades currently working on their projects. The last question was to identify the
qualities, qualifications, and certifications they are seeking in new hires. In this paper, we will
review everyone’s findings and attempt to identify trends, observations, or differences among the

group results.
Identifying the training or registration of key personnel

The students began by examining how each group approached their first interview question, which
focused on the training and registration requirements for key personnel. Student 1 (the first author)

and Student 2 interviewed Calhoun Construction(Calhoun Construction), who emphasized their
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preference for candidates with project management certifications or equivalent qualifications. Due
to their strong presence in healthcare construction, they also place high value on healthcare-related
certifications. They also interviewed personnel from the Kentucky Transportation Cabinet
(KYTC)(Kentucky Transportation Cabinet Executive), who stated that their key personnel are
expected to hold degrees in Construction Management, Civil Engineering, or Civil Engineering

Technology.

Student 3 and Student 4 spoke with Bex Construction(BEX Construction Services), where
key personnel must complete OSHA safety certification (Occupational Safety and Health
Administration)classes, demonstrate skills directly on the jobsite, and log a specific number of
hours before gaining unsupervised access to the site. Their second interview was with Bill Ledford
and Son Inc., a commercial highway mowing contractor. Here, all key personnel and employees
are required to be OSHA-30 certified. In addition, they must complete mobile work zone classes,
and the company must employ at least one traffic control technician and one traffic control
supervisor. Furthermore, foremen must renew their health cards every 2 to 3 years, underscoring

the importance of up-to-date health and safety training.

Student 5 interviewed Messer Construction Company, a commercial contractor whose key
personnel typically hold degrees in civil engineering, construction management, or a related field.
In addition to academic qualifications, Messer looks for strong communication and teamwork
skills. Student 5 also interviewed Adams Contracting LLC, a KYDOT contractor. Their personnel
are similarly qualified, holding degrees in relevant fields and possessing over 5 years of experience

in managing heavy construction projects.

Student 6 and Student 7 gathered insights from W.L. Harper Construction(7he Harper
Company), whose key personnel are required to complete OSHA certification, the Certified
Construction Manager (CCM) designation, Project Management Professional (PMP) certification,
and CPR training. Their second interview was with Ragle Inc., another contractor affiliated with
KYDOT. Ragle’s key personnel are experienced in field operations, capable of logging and

reporting tasks, and are certified in both construction management and OSHA safety protocols.

Lastly, Student 8 and Student 9 interviewed Green Construction in Middlesboro(Green
Construction Co), KY. Their key personnel are expected to demonstrate expertise in project
planning, safety regulations, and technical problem-solving. They also interviewed Justin Green,

3
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a Transportation Engineer with KYTC, who described a wide array of required certifications and
training. These include the Kentucky Aggregate Technician Program, Asphalt Training, Bridge
Coating Inspector Program, American Concrete Institute (ACI) Level 1 Certification, Kentucky
Erosion Prevention & Sediment Control (KEPSC), the Qualified Pavement Markings Inspection
Course, and Work Zone Traffic Control & Flagging training.

When we considered all group responses together (Table 1 and Table 2), it became clear
that training and credential requirements vary significantly across companies. However, one trend
stands out: KYDOT-related contractors and agencies generally demand more formal certifications
and higher levels of experience than their commercial counterparts. This discrepancy is
understandable, as each company’s needs vary based on its industry focus and the complexity of
its projects. Companies operating in the same field may have similar expectations, but across

different sectors, personnel requirements can vary greatly.

Table 1: Certification and training needs for commercial or industrial contractors

Company Required Certification/Training

Certified associate in project management, Project Management Professional

ClrlC L B (PMP), Project Management Certifications, Healthcare-related Certifications

Bex Construction OSHA Safety Certification, On-the-Job Training, Logged Hours

Degrees in civil engineering, construction management, or a related field. They have
good communication skills and the ability to work within a team

Messer Construction

Green Construction Expertise in project planning, safety regulations, and technical problem-solving

Table 2: Certification and training needs for KYDOT contractors

Company Required Certification/Training
Kentucky Transportation | KYTC stated that they are looking for professionals with degrees in Construction
Cabinet Management, Civil Engineering, or Civil Engineering Technology.

High ranking/key personnel and employees are required to be OSHA-30 certified.
All high ranking/key personnel and employees are required to attend mobile work
Bill Ledford and Son INC | zone classes, the company is required to have 1 traffic control technician and 1
traffic control supervisor, and all their Foreman’s are required to have health cards
renewed every 2-3 years.

Construction management, civil engineering, or related field degrees. They have 5+
years of experience in managing heavy construction projects.

Adams Contracting LLC
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Kentucky Aggregate Technician, Asphalt Training, Bridge Coating Inspector, ACI
Level 1, KEPSC, Pavement Markings Inspection, Work Zone Traffic Control &
Flagging

Kentucky Transportation
Cabinet

Ongoing projects, Leading design firms, and Subcontractors/trades

Starting with Students 1 and 2, when they spoke with Calhoun Construction about their
current projects, they mentioned collaborating with Clotfelter/Samokar Architecture and Brown &
Kubican Engineering for design work. Calhoun Construction, however, manages the construction
phase internally. They constantly work with a range of subcontractors, including JDF Contracting
and Elevated Concrete from Mount Sterling, Senninger Plumbing Co. from Lexington, J&M
Mechanical from Louisville, Hills Electric based in Frankfort, and J&J Electrical from Paris, K.
When Student 1 and Student 2 met with representatives from the Kentucky Transportation Cabinet
(KYTC), they shared that state-employed designers typically complete their project designs in-
house. Depending on the project's size and scope, they often collaborate with engineering
consulting firms. These firms are commonly engaged for specialized services such as bridge

design, inspection, and rehabilitation. All construction work is awarded through a bidding process.

Students 3 and 4 interviewed Bex Construction and Bill Ledford and Son Inc. Bex
Construction recently led the construction of the University of Kentucky Human Resources
building. For this project, they employed various trades, including carpenters, plumbers,
handymen, and general laborers. On the other hand, Bill Ledford and Son Inc. are not a
construction firm but a highway mowing service provider. Their operations are managed entirely

in-house, with no reliance on subcontractors or additional trades.

Student 5 interviewed representatives from Messer Construction (Messer Construction
Co.) and Adams Contracting LLC(Adams Contracting, LLC), both of which are involved with
KYDOT projects. Messer Construction recently completed The Plaza at Charlotte Douglas
International Airport. This large-scale project required the coordination of several trades, including
carpenters, concrete contractors, steel erectors, electricians, and plumbers. Adams Contracting
LLC has led several projects in the Great Smoky Mountains National Park, particularly within the
Cades Cove area. However, Student 5 was unable to get information on which subcontractors or

trades were employed on those projects.
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Students 6 and 7 spoke with W.L. Harper Construction and Ragle Inc. W.L. Harper is
currently working on the Louisville Muhammad Ali Airfield Pavement Rehabilitation Project. This
project involves a diverse group of subcontractors, including concrete suppliers, grading
contractors, testing agencies, and traffic management services. The specific type of subcontractors
varies based on the project’s requirements. Meanwhile, Ragle Inc. is managing work on the 1-69
river crossing. This project requires input from several contractors specializing in bridge
construction, paving, landscaping, material supply, and electrical systems, due to its complex and

multidisciplinary nature.

Lastly, Students 8 and 9 interviewed representatives from Green Construction and the
Kentucky Transportation Cabinet. Green Construction is currently leading the Boones Ridge Water
Reclamation Facility Project, which includes subcontractors such as Glass Machinery, Akins
Excavation, Site Utilities, JL Davis Electrical, and specialists in WWTP equipment installation.
The Kentucky Transportation Cabinet (KYTC) is overseeing the US-421 Progressive Design-
Build Project in Harlan County. For this initiative, East Cumberland LLC has been contracted to

manage site clearing and preparation.
Qualities, qualifications, and certifications for new recruits

When Students 1 and 2 questioned Calhoun Construction about what they’re looking for
in new hires, they answered with a multitude of traits. Calhoun Construction Company is seeking
candidates with degrees in Construction Management, Civil Engineering, or relevant industry
experience. Additionally, they seek individuals with finance-related degrees for project
management roles. While the KYTC stated that they primarily seek candidates with degrees in
Construction Management or Civil Engineering. Additionally, they value candidates who are

hardworking, team-oriented, and adaptable, as they often work in collaborative environments.

Students 3 and 4 interviewed representatives from Bex Construction and Bill Ledford and
Son Inc. Bex Construction is seeking individuals with over 5 years of hands-on experience in
skilled trades and onsite construction. They value candidates who are dependable, punctual, and
have a clean background. Requirements include a valid ID, experience operating equipment, and
the flexibility to either work long hours close to home or be willing to travel for work. Bill Ledford

and Son Inc. is seeking applicants who are at least 21 years old, possess a valid ID, have a clean
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record, and preferably hold a Commercial Driver's License (CDL). Experience with tractors is also

important, along with the ability to work extended hours away from home.

Next, Student 5 spoke with commercial contractors Messer Construction and Adams
Contracting LLC, both of which work closely with KYDOT. Messer Construction is interested in
candidates who hold degrees in civil engineering, construction management, or a related discipline,
or who have relevant construction experience, including internships or co-ops. Effective
communication and teamwork skills are also essential. Adams Contracting LLC is currently
seeking individuals with degrees in construction management, civil engineering, or related fields,
and those with over 5 years of experience in managing heavy construction projects. They are
especially looking for experience in areas such as bridges, highways, underground utilities, flat or
structural concrete, and large-scale earthwork. Familiarity with Department of Transportation

specifications is also preferred.

Students 6 and 7 interviewed representatives from W.L. Harper Construction and Ragle
Inc(Ragle Inc). Harper Construction is seeking candidates with strong fundamental traits, like
effective communication abilities and a solid work ethic. They also prefer applicants who have
firsthand experience relevant to the specific position they are pursuing. Educational requirements
vary based on the role, with engineering positions typically requiring a bachelor’s degree, while
skilled trade roles often only require a high school diploma. Additionally, the company expects

applicants to hold specific certifications, such as OSHA certification or CPR training.
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Students 8 and 9 conducted interviews with Green Construction(Green Construction) and
the Kentucky Transportation Cabinet (KYTC)(). Both organizations are seeking candidates who
demonstrate strong leadership, effective communication, solid organizational skills, and excellent
critical thinking abilities. They also place high value on individuals who can excel under pressure

and contribute positively to team efforts. Green Construction prefers applicants who have a solid

Shared Qualities/Qualifications - KY DOT-Related Companies

Shared Qualities/Qualifications - Commercial Contractors
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understanding of construction techniques and can quickly adapt to changing project requirements.
Meanwhile, KYTC is looking for individuals with degrees in Civil Engineering or Construction
Management, along with certifications such as a Professional Engineer (PE) License, Construction
Project Managers Training, Preventative Maintenance Training, Grade & Drain Level I and II, and
Structures Level I Certification. These credentials help ensure that candidates are well-prepared to

tackle the complex challenges of construction and infrastructure development across Kentucky.

Conclusion

In conclusion, the findings from all the groups reveal a diverse yet consistent set of
expectations across commercial, industrial, and KYDOT-affiliated contractors. While each
company has its own specific needs based on the type and scale of its projects, several common

themes emerge. Across the board, employers value formal education in construction-related fields,
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relevant certifications such as OSHA training and project management (PMP) credentials, as well
as significant firsthand experience. Traits such as effective communication, teamwork,
adaptability, and a strong work ethic are also highly sought after in new hires. Both public and
private sector construction companies seek well-rounded individuals who can contribute to the
success of large-scale infrastructure projects, whether through leadership, technical expertise, or
practical experience. These collective insights not only highlight the current standards in the
construction industry but also serve as a valuable guide for future job seekers aiming to enter the

field.
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Abstract

Background: The technology driven organizations of today require their workforce to be
competent in designing, managing, and optimizing business processes with high accuracy and
andragogy. The Business Process Modeling (BPM) 2 certification offered by the Object
Management Group (OMG) provides a standardized structured framework for the purpose of
addressing the competency gap within the workforce. This framework begins at a fundamental
level with each level more advanced. Although BPM 2 is being adopted by industry, it still has
little acceptance in higher education.

Purpose: This study explores the integration of the BPM 2 Certification by OMG into a workforce
development curriculum for the purpose of improving proficiency in process modeling, instilling
systems thinking, and decision-making skills. The aim is to align academic outcomes with industry
expectations by leveraging the structure of the OMG BPM 2 certification framework. Using the
four levels of the Kirkpatrick Model and the IEEE Learning Engineering framework, the
development program aims to be repeatable, driven by data to improve the learning experience
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and effectiveness. This paper presents a proposed implementation framework rather than findings
from a completed study.

Method: The developed curriculum is part of an applied learning course, using the key topics of
the OMG BPM 2 certification with its semantics, jargon, framework, executable processes,
modeling, and diagrams. The IEEE Learning Engineering principles will guide the instructional
design which includes iterative feedback loops on student’s analytics and performance outcomes.
Evaluation of the program’s impact is based on the Kirkpatrick Model, specifically on student
satisfaction, knowledge accretion, change in on the job behavior, and organizational results.

Results: It is anticipated that participants of the workforce development course will increase their
proficiency in effectively using OMG BPM elements. This includes demonstrating an
understanding of workflow patterns and applying business rules to process modeling along with
its best practices. The certification aligned course provided a standardized structured framework
as a learning path, and the advanced course allowed participants to demonstrate competency in
handling errors, event subprocesses, and modeling execution. The feedback loops from the IEEE
Learning Engineering framework proved useful in the refinement of instructional delivery based
on measurable performance analytics from student outcomes.

Conclusion: Developing a workforce development course that aligns with the OMG BPM
certificate provides a standardized structured framework as a pathway for business and technical
disciplines. The synthesis of the Kirkpatrick Model and IEEE Learning Engineering framework
offers a comprehensive approach to the instructional design of OMG BPM certification into an
applied learning environment.

Keywords: BPM 2, OMG Certification, Workforce Development, Kirkpatrick Model, Learning
Engineering, Instructional Design.

Background

As technology is being rapidly adopted in industry, which in turns brings the rise of a digital
economy, the ability to model, analyze, and improve business processes is becoming more
important and not just in the business sense but also in technical roles. Professionals who have a
thorough understanding of a system mindset, decision making logic, and process modeling
competency are actively being headhunted by organizations ranging from small to large sizes. This
phenomenon exists thanks to the active reliance of organization on these individuals due to the
value these individuals bring to the organization in terms of automation integration, data analytics,
and enterprise architecture in addition to making the enterprise more efficient. However, academic
institutions and workforce development programs have not yet aligned their instructional courses
with the industry certification despite the growing demand for these skills.
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The Object Management Group (OMG) offers a certification that is specific for the skill
called the Business Process Modeling (BPM) 2 Certification. This certification offers a
standardized framework with a focus on defined business rules, workflow execution, event
handling, orchestration. Yet it is still underutilized within academic institutions resulting in a gap
between academia and industry. This study explores the integration of the OMG BMP 2
certification framework along with the IEEE Learning Engineering Framework and the
Kirkpatrick Model. It is important to note that this study is currently in the proposal and planning
stage where the findings discussed in this paper are based on anticipated results.

Literature Review

Business Process Modeling (BPM) is a systematic framework to visualize and represent
organizational processes for the purpose of analysis, improvement, and automation. This gives
organizations a tool to pinpoint inefficiencies and implement the necessary corrective measure to
improve both quality and productivity. BPM constitutes of 6 major techniques, these techniques
are object-oriented modeling, data flow diagrams, petri nets, flowcharts, role activity diagrams,
and integration definition for function modeling (IDEF). Even though there are 6 techniques, not
all of them will be used necessarily, as the selection of the techniques heavily relies on the needs
of the organization, and the complexity of the processes (Nagm-Aldeen et al., 2015).

To integrate BPM into the workforce, it must start at the academic level, and this brings
rise to not only knowing BPM but having a thorough understanding of modeling techniques along
with the modeling quality standards associated with it which will result in effective process
management. Modeling quality has various dimensions of quality; this includes but is not limited
to syntactic correctness, semantic quality, and pragmatic quality. These modeling qualities bring
rise to the need of a comprehensive framework to not only assess but improve the quality of BPM
practices in both academia and industry (de Oca et al, 2015).

Learning Engineering Framework is a process that applies learning sciences to support
learning development using human-centered engineering design methodologies and data driven
decision making (ICICILE, 2025). The traceable, repeatable, adaptive, and predictive (TRAP)
framework provides a structured approach to learning engineering. This framework focusses on
iterative design processes, continuous data collection, and educational programs to validate and
verify that the learning process is effective and suitable to the students (Zhang K & Zhu M, 2022).

The Kirkpatrick Model 1s a framework that is very recognized in evaluating training
effectiveness. This model is defined by 4 evaluations levels, Reaction, Learning, Behavior, and
Results. The 4-level approach allows organizations to not only assess the immediate impact and
responsiveness of the students but also assess the long-term impact of on-the-job training
performance which ultimately affects organizational outcomes (The Kirkpatrick model, 2025). The
effectiveness of this model can be seen in different industries, where the evaluation of healthcare
staff training shows significant improvement in training outcomes in terms of satisfaction,
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knowledge, and behavior proving that integrating this model can facilitate continuous
improvement in a structured manner in addition to training effectiveness (Heydari et al, 2019).

Problem Statement

Even though OMG offers a globally recognized certification in business process modeling
in the form of the BPM 2 Certification, its use or implementation within academic institutions and
workforce development is severely limited or it is severely lacking. Most institutions do not
provide an academic equivalence course that is aligned with the certification, or they do not
provide the necessary preparation material to prepare students for this certification exam. This
cause fresh grads to be underprepared for industry that demands a certain level of competency
within this space. Additionally, academic institutions do not have the necessary feedback loops in
place for continuous improvements on the course or the necessary equivalency criteria in place to
consider the course to be equivalent to the certification.

Research Questions

Research questions 1: How can the OMG BPM 2 framework be integrated into the workforce
development curriculum?

Research Questions 2: What instructional strategies based on IEEE Learning Engineering
Framework and Kirkpatrick Model, can support measurable learning outcome that is aligned with
OMG BPM 2 certification?

Research Question 3: How does OMG BPM 2 certification affect competency in modeling
workflow, subprocesses, and orchestration elements across industry?

Methodology

This study proposes the use of BPM 2 certification from OMG which is supported by both
the IEEE Learning Framework and the Kirkpatrick Model to develop an academic curriculum. The
instructional model will be evaluated using a combination of quantitative and qualitative
techniques, structured through the IEEE Learning Engineering Process and the Kirkpatrick Four-
Level Evaluation Model.

The proposed instructional design is structured around a modular, stackable series of four
digital badges that map directly onto the BPM 2 certification levels: Fundamental, Intermediate,
Advanced, and Applied Integration. Each badge includes four instructional modules and
culminates in a project-based learning capstone. The design of this program reflects best practices
in adult learning, instructional systems design, and performance-based assessment (Creswell JW
& Plano Clark VL, 2018).
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The study will unfold over three major phases:

e Phase 1 — Curriculum Development (Summer 2025): Course materials, assessments,
rubrics, and analytics dashboards will be finalized by July 2025.

o Phase 2 — Pilot Implementation (Fall 2025): The badges will be offered for the first time
between August and September 2025 to both university students and industry learners.

e Phase 3 — Evaluation and Analysis (Fall 2025): Data collection, analysis, and reporting will
take place from October through December 2025.

The Wichita State University Institutional Review Board (IRB) will be engaged prior to
recruitment and data collection to ensure compliance with human subjects’ research protocols.

Participants will include students from Wichita State University and WSU Tech, along with
industry professionals from regional partner companies. Recruitment will use purposive sampling,
targeting those enrolled in Applied Engineering, Business Analytics, and Systems Engineering
programs. All participants must be 18 years old or older and provide informed consent.

Two groups will be tracked:

e Academic Learners: Undergraduate and graduate students seeking academic credit or
professional advancement.

e Industry Learners: Professionals pursuing continuing education units (CEUs) or skill
badges for promotion or career mobility.

Diversity in age, background, and professional experience will be recorded but not used as
exclusion criteria. Enrollment will be capped at 50 participants across all four badges to ensure
manageable data collection and instructional feedback.

The approach chosen for the instructional design includes designing each badge following a
performance-based instructional model using several modalities:

e Lectures and multimedia modules to introduce concepts

e Hands-on labs for BPM, DMN, and decision modeling

e Scenario-based activities simulating industry case studies

o Team-based projects guided by instructors and industry mentors
o [terative peer reviews using OMG rubric-aligned criteria

All instructional content will be aligned to the BPM 2 Certification body of knowledge and will
incorporate terminology, modeling constructs, and event orchestration sequences consistent with
OMG standards (BPM certifications, n.d.).
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The IEEE Learning Engineering Process will structure the learning experience around the TRAP
framework: Traceable, Repeatable, Adaptive, and Predictive (ICICLE, 2020). Learning analytics
dashboards embedded within the LMS (Blackboard Ultra) tracking student engagement,
performance, and formative feedback in real time. This data will enable continuous instructional
adjustment and refinement (Zhang K & Zhu M, 2022).

Each badge will include embedded evaluation instruments aligned to the four levels of the
Kirkpatrick Model (Kirkpatrick JD & Kirkpatrick WK, 2016):

Level 1 (Reaction): Learner satisfaction will be captured via end-of-module surveys using
S-point Likert scales on clarity, engagement, and relevance. Example items include “The
course improved my ability to model real-world workflows” and “I feel confident applying
BPM tools after this badge.”

Level 2 (Learning): Each badge includes a pre-test and post-test with 20 multiple-choice
and short-answer questions covering BPMN elements, workflow logic, event handling, and
model execution. Paired-sample t-tests will compare gains in knowledge and modeling
accuracy.

Level 3 (Behavior): Student artifacts—such as BPMN diagrams, decision models, and
process optimization reports—will be evaluated using a structured rubric addressing
technical precision, correctness, reuse potential, and alignment with industry standards.
Select projects will be used as case exemplars to assess transfer of learning to real-world
contexts.

Level 4 (Results): For industry learners, follow-up employer surveys and interviews
(optional) will be administered six weeks after program completion. These surveys will ask
supervisors to assess improvements in modeling autonomy, clarity of process
documentation, and ability to communicate business rules and exceptions.

The following instruments and sources will be employed for data collection:

Quantitative Instruments:
o Pre- and post-assessments (knowledge and skill acquisition)
o End-of-module surveys (satisfaction and engagement)
o Analytics dashboards (engagement and LMS metrics)
Qualitative Instruments:
o Open-ended survey responses
o Peer review commentary

o Instructor notes and performance reflections
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All survey and assessment instruments will be pilot-tested with 5—10 students in a soft launch prior
to the main implementation.

The data analysis techniques are as follows:

e Descriptive Statistics: To summarize average survey responses, participation rates, and
assessment scores.

o Inferential Statistics: Paired-sample t-tests for pre-/post-score comparisons with effect size
analysis (Cohen’s d).

e Thematic Coding: NVivo or Excel-based coding will be used to analyze qualitative data
from project reviews and student reflections.

A triangulated analysis approach will be used to ensure alignment between quantitative
performance trends and qualitative student experiences (Field A, 2018).

The study will uphold strict ethical standards. Informed consent forms will clarify the purpose,
procedures, voluntary nature, and data confidentiality. All student and employee data will be de-
identified during analysis, and aggregate findings will be used for reporting. IRB approval is
anticipated by July 2025.

Results

Given the alignment of the proposed curriculum with BPM 2 certification standards and the
integration of performance-based assessment, the following outcomes are anticipated:

Kirkpatrick Level 1 (Reaction) — Learners are expected to report high levels of satisfaction with
the instructional content, pacing, and relevance to real-world applications. The badge-based
structure will likely enhance perceptions of flexibility, modular progression, and immediate value.
Surveys are anticipated to show 85% or more agreement on statements related to learner
engagement, clarity, and confidence in applying BPMN and decision modeling.

Kirkpatrick Level 2 (Learning) — It is projected that learners will demonstrate statistically
significant gains in BPMN knowledge and application from pre- to post-assessment. Initial course
pilots at NIAR showed improvements of 20-35 percentage points in related BPMN activities
(Heydari et al, 2019). Similar gains are expected here, particularly in understanding workflow
syntax, gateways, event handling, and subprocess design.

Anticipated mean score increases:
e Fundamental badge: 65% — 85%
e Intermediate badge: 55% — 80%
e Advanced badge: 50% — 78%
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Kirkpatrick Level 3 (Behavior) — Student project submissions are expected to demonstrate practical
application of BPM principles in capstone scenarios. Evaluation rubrics will capture proficiency
in:

e Modeling multiple pools and swimlanes (i.e., visual lanes that separate responsibilities
among different participants or departments in a process model)

e Correct use of BPMN events (error, escalation, compensation)
o Integration of business rules and event subprocesses
o Readiness for deployment and stakeholder interpretation

These models will serve as artifacts of learning transfer. A subset will be showcased to industry
sponsors for external validation.

Kirkpatrick Level 4 (Results) — For industry participants, surveys administered 4—6 weeks post-
completion are expected to indicate:

o Enhanced autonomy in process modeling
e Improved documentation quality and reuse
e Reduced onboarding time in internal process redesign initiatives

Organizations that participate as project sponsors may report positive impressions of student teams’
professionalism, modeling accuracy, and system thinking ability.

Long-term impacts will require further longitudinal study, but early feedback is expected to support
the program’s effectiveness in closing workforce preparation gaps.

Discussion

Research questions 1: This study shows that the OMG BPM 2 certification exam structure can be
effectively integrated into the curriculum with a similar tier structure based on difficulty
(fundamental, intermediate, advanced). The certification aligned course uses the jargon of OMG
guaranteed that the course outcome closely reflected industry expectations.

Research Questions 2: The IEEE TRAP Learning Framework proved to be a key factor for student
engagement. Instructors can modify and adapt the content as well as the content delivery via
performance analytics. These analytics also helped to identify the students who are struggling early
in the course. The Kirkpatrick model allows the instructor to perform a structured evaluation on
the impact of the course with clear evidence across four levels. These two frameworks allow the
instructor to continuously improve the course and measure the effectiveness of learning.

Research Question 3: Students showed improvement in constructing the BPM models, additionally
students are also capable of handling complex constructions which include error events,

8
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compensation, and escalation handling. These skills are translated into digital transformation
projects showing immediate improvement in job performance and task autonomy.

Implication

Academia pedagogy & research — This study provides a scalable instructional model that aligns
itself with an industry certification. This study provides a framework on course development that
is outcome oriented and academically equivalent with an industry certification. This model can be
used to synthesize industry certification into the course improving graduate employability.

Industry — The value of certification aligned training can benefit organizations with employees
being fully trained up to industry standards saving the organization time and cost in terms of
training and onboarding process which will not eat into delivery schedule of customer and or
supplier.

Government — Agencies that are involved in workforce development can use this curriculum as
foundation for upskilling initiatives. Aligning with the BPM 2 certification can improve
transparency, consistency, and measurable outcomes in a federal level, accelerating career
pathways in the process for nontraditional learners.

Limitations

Selection Bias 1s a limitation in this study as participants in the pilot program may have a
basic familiarity with systems mindset, process improvement, and system modeling (Tripepi et al,
2010).

Conclusion

The integration of OMG BPM 2 Certification as part of the workforce development
curriculum creates a workforce that is more prepared when they enter industry. This study shows
that a structured curriculum design with the foundation of OMG and supported by IEEE Learning
engineering framework and the Kirkpatrick model results in a measurable learning outcome and
creates a more competent workforce. This course guarantees a scalable, adaptive framework that
can be used within industry apart from other academic institutions.
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ABSTRACT

Background: This research aims to improve adoption of ergonomic assessments and
interventions to prevent work related musculoskeletal disorders (WMSDs) specifically for
Jobs that require manual material handling tasks (MMH) in the manufacturing industry
with the aid of model system-based engineering, and digital transformation.
Purpose/Hypothesis: We use the Model Based System Engineering (MBSE) software
Magic Cyber Systems Engineer to create diagrams such as the Requirements Diagram,
Case Diagram, Package Diagram, Block Definition Diagram, and Internal Block Diagram
and many more to illustrate a motion capture study aimed to identify the anthropometric
landmarks (L5-S1 lumbosacral joint, ankles and toes) of the subjects with respect to that
of the weight’s position been lifted while the performed lifting tasks intended to be used
as inputs for the Revised NIOSH Lifting Equation (RNLE) and the Lifting Fatigue Failure
Tool (LiFFT) to determine risk worthiness as it relates to low back pain.

Design/Methods: The research is approached with the structure provided by the synthesis
of the DMADV (Design-Measure-Analyze-Design-Verify), systems engineering life cycle
stages (LCM) and the INCOSE Vee Model. In the “Design-Measure-Analyze” stage the
experiment to be modelled is described. At the “Design-Verify” stages, the experiment is
modelled by diagrams and are compared with the actual procedure.

Results: The outcome will be determined by comparing the diagram generated, their
relationships with the actual experiment to determine the correctness and appropriate
degree of granularity needed to highlight its benefits and limitations while attempting to

bridge the gap between systems engineering and ergonomics.
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Conclusion: This activity could foster future collaboration between systems engineering
and ergonomics to save time, cost, disseminate information and reduce prevalence
associated with work-related musculoskeletal disorders in the manufacturing environment
as they work together to replicate risk evaluations across manufacturing facilities of large,

small and medium enterprises (SME).

Keywords: Manual Material Handling (MMH), Model Based Systems Engineering

(MBSE), Magic Cyber Systems Engineering (MCSE), Low Back Pain
INTRODUCTION

Ergonomics is defined as a discipline that examines the theoretical and
foundational aspects of human behavior in intentional interactions with socio-technical
systems to design workspaces that enhance human well-being and productivity (Wilson,
2000). “Systems Engineering is a transdisciplinary and integrative approach to enable the
successful realization, use, and retirement of engineered systems, using systems
principles and concepts, and scientific, technological, and management methods”
(INCOSE, 2023).

Ergonomics is not always considered in the conception, design and development
of many manufacturing facilities owned by large, small, and medium enterprises. Despite
the adoption of the continual improvement philosophy, ergonomic interventions tend to
be ignored because of their indirect impact to the bottom line of most organizations. In
2021 and 2024, data showed that worker injuries cost US industries $58.07 billion in direct
costs. Of that amount, $12.49 billion (21.5%) came from "overexertion involving outside

sources," according to (Liberty Mutual, 2024). According to a study by Dunning et al.
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(2010) that extracted data from Ohio Bureau of Workers Compensation musculoskeletal
claims from 1999 to 2004, there were 156,280 claims related to the lumbar spine, totaling
$1.3 billion. Low back pain lasting at least one week, requiring medical attention, and
ultimately leading to lost work time was found to be 25% (483 cases), 14% (272 cases),
and 10% (192 cases) in a 12-month cross-sectional study with a participant population of
2000 (1929 qualified) (Fergurson et al., 2019). Moreover, 13 percent of American workers
are employed in the manufacturing sector, which includes businesses with NAICS codes
31 to 33 according to the U.S. Census Bureau (cdc.gov, 2024). In this industry, there are
41 WMSDs for every 10,000 workers.

This scholarly work focuses on the use of MBSE diagrams to communicate the
assessment procedure of the current and future value stream.
SysML Block Diagram Overview

Systems modelling language popularly referred to as “SysML” is defined as a
systems modelling utilized in system engineering purposes (sysml.org). This modeling
language is used to support the engineering process from specification, design,
verification, and validation of a broad range of systems and even system of systems
(sysml.org). According to the SysML taxonomy, there are 9 diagrams that are associated
with this modelling language, they are: (1) activity diagram, (2) sequence diagram, (3)
state machine diagram, (4) Use case diagram, (5) block definition diagram, (6) Internal
block diagram, (7) package diagram, (8) requirements diagram, and (9) parametric

diagram
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SysML

Diagram
{abstract} Requirements {abstract}
Behavior Diagram Diagram Structural Diagram
A N
Activity Sequence Stare Machine Use Case Block Definition Internal Block Package
Diagram Diagram Diagram Diagram Diagram Diagram Diagram

Parametric
Diagram

Figure 1.0 SysML Diagram Classifications (sysml.org)

Relevant Diagram

The relevant SysML diagrams (behavior diagrams) used to describe the
experimental study described are: (1) Activity diagram, (3) Use case Diagram, and (8)
Requirements diagram.

Problem Statement

Throughout the life cycle stages of a manufacturing facility, can SysML diagrams
be used to illustrate how ergonomic assessments are conducted for repeatability or
reproducibility?

Research Question (RQ1)

Which SysML Diagrams are relevant to ergonomic assessments? How can they
enhance the adoption rate of ergonomic thinking, planning and assessments in large,
small, medium enterprises (SME)

Contribution
This study seeks to establish an interdisciplinary relationship between ergonomics

and system engineering to researchers, students, professional and government entities.
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It aims to highlight the impact of proper ergonomics on cost, quality, and delivery to any
manufacturing firm.
METHODS

The relevant SysML diagrams used to describe the experimental study described
are: (1) Activity diagram, (2) Use case Diagram, and (3) Requirements diagram.
Experimental Case Study & Objective

The main objective of this study was to use a motion capture system to record the
moment arm distances (i.e. the distance from the knuckle to the iliac crest) of the subjects
while they lift weights with the aid of a box (container) from a combination of various
vertical and horizontal positions for the ergonomic assessment tool called the Revised
NIOSH Lift Equation (RNLE). The Second objective of this study was to use a motion
capture system to record the moment arm distance (i.e. the distance from the knuckle to
the ankles) of the subjects of the subjects while they lift weights with the aid of a box from
a combination of various vertical and horizontal positions for the ergonomic assessment
tool called the Lifting Fatigue Failure Tool (LIFFT)The horizontal-vertical (H-V) distances
refer to the height distance from the ground of the weight to be lifted. The H-V distances
are accompanied with their corresponding safe weight limit that were designed based on

the recommendations of ACGIH TLV (Acgih.gov, 2021) guidelines as illustrated in Figure

2.0.
Close Intermediate Extended
Distance Class Width <30 cm 30 cm —-60cm 60 cm — 80 cm
Selected Distance 30 cm 55 cm 75 cm




Using Model Based Systems Engineering to Describe Ergonomic Assessment Methods for
Implementation and Reproducibility in Manufacturing

Shoulder 11 kg 3.2 kg 1.8 kg
Elbow 14 kg 9 kg 5 kg
Knee 9 kg 7 kg 2 kg
Floor 4.7 kg 3 kg 1.7 kg

Figure 2.0: Modified ACGIH TLV guidelines (ACGIH.org)

Experiment Procedure

The motion capture equipment and related software, which track and produce data
from the position of the reflective markers on the subject's body with respect to time, were
turned on and calibrated by the researchers before the subject arrived. Every week, the
infrared cameras were calibrated. When the participants show up at the lab, a researcher
goes over the consent form with them and gets their signature to confirm that they are
okay with the study moving forward. After that, an anthropometer was used to get the
anthropometric measures. The anthropometrics to be measured are Stature Height,
Shoulder Height, Elbow height, Standing Knuckle Height, Knee Height, Functional grip
length, Foot length and ankle to toe length. Following the collection of anthropometric
data, the subjects' demographic information is also gathered. Age, expertise with manual
materials handling, sex, and a history of low back discomfort are among the demographic
details. Although the individuals were urged to lift in a freeform manner, demographic
information may shed light on their preferences or lifting style.

Two of these combinations—shoulder-close and elbow-close—were judged
impracticable out of the twelve H-V combinations that the trails are based on because
there was not enough room between the platforms and the subjects for them to bring the

weight close to their torso (with their elbows flexed to 90 degrees) before putting it back
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in its starting position. (1) Shoulder-Mid, (2) Shoulder-far, (3) Elbow-mid, (4) Elbow-far,
(5) Knee-Close, (6) Knee-Mid, (7) Knee-Far, (8) Floor-Close, (9) Floor-Mid, and (10)
Floor-far are the possible H-V combinations. The trails were randomized in the study to
hinder the learning effect where the performance of the subjects with each trial. Also,

randomization of the lifts was executed mitigate the fatigue effect during the study.

Next the subjects were trained on how to conduct lifts during the ten feasible trials.
The training was conducted by visual in person with demonstrations and then the subjects
were allowed to practice the lifts. Using the Helen Hayes template, all 18 reflective
markers are positioned on the subject body Once the recording was initiated, the
kinematics data produced while the subjects do three lifts in a trial at the 15th, 35th, and
55th second marks are collected and saved using the Motion Analysis Cortex software.
Until all ten trials are chosen at random and their lifts are performed with the proper

weight, height, and vertical distances, the procedure is repeated.

RESULTS
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Figure 3.0: Requirements Diagram

The requirements diagram provides the constraints adhered to ensure that the

experimental study was successful. It is vital to state that the diagram is not exhaustive
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Figure 3.3: Activity Diagram

The activity diagram in figure 3.3 models the experimental procedure outlined in the

method section. The activity diagram flows from the top left to the bottom right of the

image. It shows the flow of activity with the aid of the control flow arrow. Activities that

need external objects were highlighted in the activity diagram. Finally, the diagram
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captures all the decision nodes where the experimental procedure of the study could
deviate from the ideal.
DISCUSSION

RQ1: The behavior diagrams can be used to communicate ergonomics
assessments while the structural diagrams can model the physical systems (i.e., motion
capture systems) used to perform the study.
Interpretation of results

The output diagrams above illustrate the untapped potential to illustrate and
communicate the reality of manual material handling on the shop floor. The diagrams
communicate: (1) the job task executed by the worker, (2) ergonomic assessment
conducted, (3) ergonomic constraints and (4) ergonomic assessment tools utilized.
Limitations

This paper only explores the behavioral diagrams in SysML, and how they are
used to describe experimental study. Using structural diagrams requires a thorough
understanding of how the motion capture system in the lab was installed. The modelers
and authors of this scholarly article do not possess this pre-requisite knowledge at this
moment.
Implications

The implication of this scholarly work is divided into two categories: (1) academia,
and (2) government based on its anticipated impact.
Academia

This study shows the positive impacts of exploring Systems engineering within the

contexts of ergonomics, and ergonomic assessments. This scholarly activity promotes
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interdisciplinary learning; it prepares the next generation of systems thinkers to weave
ergonomics into facilities concept, development, design, production, utilization, and
support stages. Finally, it makes the engineers more conscious of the health of the
workforce that function in the designed spaces.
Government

The deliverables portrayed in this scholarly work can be utilized by government
entities like OSHA and NIOSH to create document checklists that manufacturing
organizations can periodically produce to communicate the ergonomics assessments
methods used and results obtained so to be accredited by these government agencies
with sustainable oversight from the agency’s officers.
CONCLUSION

The result of this scholarly work details the relevant SysML diagrams that can be
used to illustrate the activities that ergonomists follow to conduct ergonomic
assessments; The requirement diagram consolidates all known requirements from all
stakeholders of this study case. The requirements described in the case study are not
exhaustive but are substantial for the project to start and proceed. The use case diagram
serves as a snapshot of how the actor interacts with the use cases contained within the
identified System of Interest (SOI).
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Enhancing Welding Technician Training with Practical Fixturing Experience
Abstract

Welding technology programs aim to equip students with fundamental skills, yet industry
feedback consistently highlights a need for greater exposure to practical applications like fixturing,
blueprint interpretation, and fabrication standards. To address this gap and enhance learning
outcomes for students in welding courses within a technical program, this project introduces a
hands-on learning module centered around a small-scale, replicable fixture and sample part. This
paper summarizes the module's design, implementation, and evaluation. The module provided
students with practical experience in fixturing weldments, reinforcing measurement and layout
skills, encouraging critical thinking, and familiarizing them with fabrication standards and
blueprint reading. Student feedback indicated increased confidence and a positive learning
experience, with fixtured parts showing superior dimensional accuracy and reduced assembly time.
The low-cost, replicable nature of the module supports institutional goals for college and career
readiness. This project offers a validated model for integrating practical fixturing experience into
welding curricula, better preparing future technicians for the workforce.
Introduction

Skilled welding technicians are vital to manufacturing, construction, and infrastructure
(American Welding Society, 2025a; Earlbeck Gases & Technologies, 2023). However, the
industry faces a significant welder shortage, with the American Welding Society (AWS) projecting
a need for approximately 330,000 new professionals by 2028 (Guerrero, 2025). This shortage is
exacerbated by an aging workforce, with retirements outpacing new entrants (Shoe, 2025).

The welding field is also evolving technologically, with advancements like robotic welding,

laser welding, and augmented reality (AR) systems (Ahmad et al., 2024). These changes demand
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expanded skill sets, including programming and operating computerized equipment (Vocational
Training Institute, 2025a). Despite these advancements, industry reports indicate a foundational
skills gap in areas like fixturing, blueprint interpretation, and precise measurement among
graduates (Shoe, 2025). This paper introduces a hands-on learning module designed to address this
gap by providing practical experience in weldment fixturing, aiming to improve technical skills

and career readiness.

Literature Review / Theoretical Framework

The importance of hands-on learning in technical education:

Hands-on learning (HOL) is a highly effective pedagogical approach in technical education,
fostering engagement and enhancing comprehension (Ferri et al., 2017; Khan et al., 2022).
Practical engagement is crucial, especially for complex subjects like welding, where theoretical
knowledge must be complemented by skill development (Supreme Welding Academy, 2024).
Low-cost, hands-on desktop learning modules (DLMs) improve understanding of engineering
principles (Khan et al., 2022). HOL allows students to gain familiarity with equipment, develop
adaptability, and build confidence through practical application (Vocational Training Institute,
2025b).

Experiential learning in welding curriculum development:

The evolving welding industry necessitates continuous curriculum updates that emphasize
experiential learning (American Welding Society, n.d.; Djuanda et al., 2024). Industry-aligned
programs, like those from AWS, integrate structured lesson plans, e-learning, and extensive hands-
on laboratory exercises to build career-ready skills (American Welding Society, 2025b). This
project's fixturing module aligns with this by providing structured, practical experience.

The role of fixturing in welding and manufacturing:
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Welding fixtures are crucial for ensuring quality and efficiency by securely holding and
accurately positioning components (Bora et al., 2024; Scheetz, 2023). Fixtures improve
consistency, reduce defects like distortion, and streamline setup (Bora et al., 2024). They also
reduce dependence on individual operator skill, which is valuable for training and maintaining
consistent quality (Scheetz, 2023; Bora et al., 2024).

Integrating blueprint reading, measurement, and fabrication skills:

Accurate blueprint interpretation is a cornerstone competency in welding (American Welding
Society, 2025¢). Welding programs integrate blueprint reading as an essential skill (Tulsa Welding
School, 2023a). Industry requires technicians proficient in blueprint reading, measurement, and
layout, alongside welding skills (Guerrero, 2025; GenEdge, 2025; Tulsa Welding School, 2023b).
This fixturing module integrates these competencies, requiring students to interpret blueprints, use
measurement tools, apply spatial reasoning, and follow assembly sequences in a single exercise,
reflecting effective experiential learning.

Development of the Practical Fixturing Learning Module

Module overview and objectives:

The core of this educational initiative is a hands-on learning module comprising a small-scale,
replicable fixture and a corresponding student-fabricated sample part. This module was conceived
to provide welding students with tangible experience in the common industrial practice of using
fixtures to assemble and weld components. The primary educational objectives were multifaceted:
to reinforce fundamental skills in measurement and layout; to encourage critical thinking and
problem-solving related to assembly and fit-up; to familiarize students with common fabrication
standards and the practical application of blueprint reading; to improve the dimensional accuracy

of student-produced weldments; and to demonstrate how fixturing can reduce assembly time,
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thereby allowing more focus on the welding process itself.

Design process and rationale:

The development of the module involved a systematic, iterative design process for both the
student sample part and the fixture, reflecting an engineering approach to creating an effective
educational tool. This rigor was intended to ensure the module was not only functional but also
pedagogically sound and optimized for the learning environment.

Student Part Design: The design of the student sample part was guided by several key criteria.
It needed to be manufacturable from commonly stocked materials at the educational institution
(specifically, two-inch by six-inch by quarter-inch thick steel) to ensure low cost and accessibility.
The part was also intended to be representative of common industrial shapes or features, providing
a degree of real-world relevance. Additionally, the design needed to offer ample opportunities for
students to practice making fillet welds and be relatively easy to secure within a fixture. Various
designs were conceptualized using SolidWorks CAD software and then systematically compared
using a decision matrix, which evaluated each concept against the predefined criteria. Through this
iterative evaluation, an "[-Beam" shape was selected as the optimal design, effectively balancing
material efficiency, provision of multiple weld joints, and ease of fixturing.

Fixture Design: The fixture itself underwent a similarly rigorous design process. Key
specifications included the ability for its components to be cut using common shop equipment
available at the college, such as a plasma cutting table, ensuring replicability. The fixture needed
to provide adequate access for welding torches and equipment, fit within the confines of standard
welding booths, securely hold the student part during assembly and tacking, and allow for easy
removal of the completed part. A design goal was also to use as few individual parts as possible to

simplify construction and reduce cost. Multiple unique fixture designs were brainstormed and then
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compared using a series of design matrices against these specifications. This structured comparison
allowed for the identification of strengths and weaknesses in various concepts, leading to the
refinement and selection of the final design, which was deemed to best meet all project
requirements.

Prototyping and material selection:

Once the designs were finalized, detailed CAD models were created in SolidWorks (Figure 1).
These models were used to generate a bill of materials and the necessary 2D vector files for plasma
cutting the fixture components. Blueprints for both the student sample part and the fixture
assembly were also developed from these CAD models.

The physical prototype of the fixture was then constructed by plasma cutting the parts from
quarter-inch thick A36 steel plate, a common material readily available in the campus welding labs
and assembling them according to the blueprint. This conscious decision to design for common
campus tools and readily available materials was a critical element of the project, directly
supporting the goal of creating a module that could be easily and inexpensively replicated by other

instructors or institutions.

Figure 1: CAD representations of the student sample I-Beam part (left) and the assembled
welding fixture (right), designed for practical welding training.
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Development of instructional materials:

To accompany the physical components, a comprehensive set of instructional materials was
developed. This included a student instruction packet containing step-by-step work instructions
for assembling the I-Beam sample part using the fixture, along with the corresponding blueprint
for the I-Beam. These instructions were designed to be clear, easy to follow for students with
varying levels of experience, and to mirror the type of work instructions commonly found in
industrial settings, thereby providing an additional layer of practical, career-relevant experience.
Implementation and Testing of the Learning Module

Testing environment and participants:

The developed learning module was implemented and tested within an existing welding course
at Bluegrass Community and Technical College (BCTC). Participants were students enrolled in
this course. These students were pursuing welding technology training and possessed at least basic
welding skills.

Testing Procedure:

The testing procedure was designed to simulate how the lesson would typically be administered
in a classroom or lab setting. Students first received a brief introduction to the concept of fixturing
in industry and its benefits, such as increased productivity and consistency. Following this
introduction, each student was provided with the instruction packet, which included the work
instructions and the blueprint for the I-Beam sample part.

A key element of the testing methodology was a comparative approach, as illustrated by the
processes shown in Figure 2. Students were first tasked with fabricating the I-Beam sample part
manually, without the aid of the fixture, relying on their existing skills for layout, measurement,

and assembly. This step served to establish a baseline for comparison in terms of both part quality
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and assembly time. After completing the manual build, students then used the provided fixture and
the same set of instructions to assemble and tack-weld a second I-Beam sample part. This
sequential process, where students first experience the challenges of manual assembly before using
the fixture, likely enhances their appreciation and understanding of the fixture's benefits. This
"contrast effect" can serve as a subtle but powerful learning amplifier, making the advantages of
fixturing more tangible and memorable.

Data collection methods:

Several methods were employed to collect data on the module's effectiveness. The primary
quantitative data involved a direct comparison of the fixtured parts versus the hand-built parts.
This comparison focused on dimensional accuracy (whether the parts met blueprint specifications)
and the relative time taken for assembly. Qualitative data was gathered through a student survey
administered after they had completed both assembly methods. The survey questions were
designed to capture student perceptions regarding what they learned, their confidence levels in
related skills (such as blueprint reading and measurement), their preference for using the fixture
versus manual assembly, and whether they would recommend the lesson to other students.
Results and Findings

The implementation and testing of the practical fixturing learning module yielded positive
results across several key areas, including student performance, student feedback, and the module's
overall cost-effectiveness and replicability.

Student performance outcomes:

The comparison between parts assembled with the fixture and those built manually revealed
significant differences.

Dimensional Accuracy: Weldments assembled using the fixture were consistently found to be
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dimensionally superior to those built by hand. The fixtured parts generally met the drawing
specifications, whereas the hand-built parts often exhibited greater variability and deviation from
the required dimensions. This objective measure underscores the fixture's role in improving
precision.

Assembly Time: Students were able to assemble the [-Beam sample part more quickly when
using the fixture compared to manual assembly. This efficiency gain is noteworthy as it allows
students more time to focus on the subsequent welding operations rather than struggling with part

alignment and fit-up.

Figure 2. Visual representation of the different assembly methods tested: manual
fabrication process (left) and fixtured fabrication process (right)

Student feedback and perceptions:

Feedback collected from students via a post-activity survey was overwhelmingly positive,
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indicating that the learning module was well-received and perceived as beneficial. A summary of
the survey responses is presented in Table 1.

Table 1: Student Survey Feedback Summary

Question Overall Positive Response
Rate (% of students)

Do you feel like you know more about how to use 100%
fixtures after this activity? (Yes/No)

Do you prefer using the fixture over building the 75%
assembly by hand? (Yes/No)

After this activity I feel more confident in my ability to 100%
complete a weldment. (True/False)

After this activity I am more familiar with reading a 100%
blueprint. (True/False)

I would recommend this activity to a beginner welding 100%
student. (True/False)

The majority of students reported that they learned something new about how fixturing can
facilitate their work, and all participants indicated they would recommend the lesson to other
welding students. Critically, students reported feeling more confident in their ability to read
blueprints and make accurate measurements after the activity, attributing this to how the fixture
helped them visualize the final assembly and understand part relationships. The provided work
instructions were also perceived as clear and useful during the activity. The combination of
objective performance improvements and positive subjective feedback provides a well-rounded
validation of the module's educational effectiveness. It is interesting to note that one student out

of the four surveyed did not prefer using the fixture over manual assembly. While the reasons for
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this single differing opinion were not explored, it suggests an avenue for future inquiry, perhaps

related to individual learning preferences or prior skill levels.

Cost-effectiveness and replicability:

The reusable fixture costs approximately $19.20, and student part material is about $4.65. A
class of 15 can implement the activity for under $90.00 (Table 2). Design for common materials
and equipment enhances replicability.

Table 2: Cost Analysis for Module Replication

Item Unit Cost Quantity for 15 Total Cost
Students & 1 Fixture

Fixture Material $19.20 1 Fixture $19.20
(1/4" steel plate)

Student Part $4.65 15 Students (3 pieces $69.75
Material each)
Total Estimated $88.95

Replication Cost

Discussion

The findings from this project demonstrate that the developed practical fixturing learning module
is an effective tool for enhancing welding technician training. The module successfully addressed
the identified skill gaps in fixturing, blueprint reading, and accurate measurement, as evidenced
by the improved dimensional quality of student-produced parts and the reported increases in
student confidence in these areas. The fixture serves as a tangible pedagogical aid, helping to make
abstract concepts from blueprints concrete and understandable through hands-on application.

Alignment with industry needs and educational best practices:
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The module reinforces skills directly aligned with industry needs for proficiency in blueprint
interpretation and precise fabrication (Guerrero, 2025; Ravi, 2021). The welder shortage
underscores the importance of efficient practical skills training (Guerrero, 2025; Shoe, 2025). The
module aligns with hands-on and experiential education principles (Ferri et al., 2017; Khan et al.,
2022), functioning like effective Desktop Learning Modules (Khan et al., 2022) and simulating
industrial fixturing practices (Bora et al., 2024). The innovation is a pedagogically designed, low-
cost, replicable learning system integrating multiple core competencies. Its practicality (low cost,
common materials/equipment, comprehensive documentation) lowers implementation barriers.

Implications for welding technology curricula:

This project offers a validated model for integrating similar hands-on modules. Early exposure
to industry practices like fixturing enhances career readiness and builds a foundation for mastering
advanced technologies.

Limitations of the study and suggestions for future work:

Limitations include a small student sample at one institution. Future work could involve
broader testing, longitudinal studies on skill retention and job performance, and exploring reasons
for differing student preferences. Developing more complex fixturing modules could also be
beneficial.

Conclusion

This practical fixturing learning module effectively enhances welding students' skills in
fixturing, blueprint interpretation, and measurement, boosting confidence and understanding of
industry practices. The hands-on activity improved part quality and assembly time. Its cost-
effectiveness, replicability, and industry relevance make it a valuable tool for welding technology

programs. This project contributes a useful model for educators, by bridging theory and practice.
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Abstract

Teaching students about cybersecurity fundamentals should not be boring or
monotonous. Learning terms, setting up computer systems, and trying to break the same systems.
Through topic comparison and concepts from other disciplines like aviation and agriculture, the
cyber topics becomes alive. For example, what do UAS (aka: drones) have in common with
computers? Drones are prone to all the same security attacks of traditional computers, plus
additional threats due to their flight ability. One aspect of cybersecurity is data protection. This is
also an important aspect for drone operations as they are always collecting data during flight and
transmitting it back to a control host. Cybersecurity professionals must protect this data. Students
learn about indirect threats that are difficulty to track. Drones also have indirect threats that such
as airport interference. Just as cybersecurity professionals must worry about surveillance and
reconnaissance, so does a drone operator. Other areas of cyber and drone similarity are direct
threats, network nodes, malware, government regulations, bad actors, hacking, penetration
testing, forensic & incident response, management planning, telecommunications, password
protection, and physical security. Most novice cybersecurity students learn to program in Python,
this same programming language used when programming sUAS to safely discuss programming
concepts while getting students their TRUST certificate from the FAA.

Just as drones have similarity, so does the structure of a honeybee’s colony. They are
complex social communities that have a variety of defense mechanisms that can help
demonstrate and discuss cybersecurity topics like risk assessment, threat detection, and
distributed defense. Cybersecurity involves conducting thorough risk assessments to identify
vulnerabilities and potential threats. Honeybees practice this daily by continuously assessing

their environment for potential risks, such as hive predators. A honeybee colony is highly
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decentralized, with each bee contributing to the colony's defense, which is a similar concept to
the concept that cybersecurity systems benefit from distributed architectures by allowing for
more resilient and adaptive defense. If any breach in an organization’s security is faulty, the
safety and integrity of its supply chain and infrastructure may at risk. Similarly, the vanishing
honeybee has the potential to produce far reaching consequences for a community. Teaching
applied cybersecurity concepts through the lens of other disciplines, allows students to have fun
learning computer science through multiple programming methods like aviation through drones,
and agriculture through honeybees. Applying new and creative teaching methods is a way for all
educational programs to recruit and retain students, while improving their diversity.
Introduction

Despite massive amounts of funding dollars to create and teach cybersecurity programs in
secondary and post-secondary settings, there continues to be a shortage of qualified workers.
Additionally, trusted industry certification providers such as CompTIA, EC-Council, ISACA,
and CertNexus help validate cyber knowledge and get workers into the workforce sooner.
Unfortunately, workforce or boot camp programs simply provide information to ensure
certification exam passage, commonly known as teaching to the test, versus ensuring actual
attainment of the cyber knowledge. Attainment of industry certifications, get students a starting
job but often do not provide a career growth path, which leads students to return to the academic
environment for additional knowledge. Traditionally, cybersecurity academic teaching often
relies on out-of-date and ineffective methods like lengthy presentations and traditional
assessment tests, and publisher auto-graded simulations that fail to adapt to modern learning
styles and the fast-paced nature of the digital world. This traditional teaching approach fails to

lead cybersecurity students to think beyond the cyber classroom by providing nontraditional

Page 3 0f 12



Running Head: Enhancing Applied Cybersecurity Fundamentals Multiple Discipline Lens

cyber applications. This can lead to a disconnect between training and actual behavior, leaving
the students ill-equipped to manage real-world threats or the inability to problem solve non-
textbook cybersecurity challenges. Post-secondary cybersecurity programs traditionally include
technical topics like networking, system administration, introductory programming, hacking,
forensics, cyber law, ethics, and cyber tools such as Wireshark. Students who complete
cybersecurity programs are often board and frustrated with having to repeat exercises on same
topics, with the same tools, so they lose interest and switch majors or do not learn to apply more
advance skills. To keep students engaged in cybersecurity; while ensuring a skilled problem-
solving work force, cybersecurity education needs to view cybersecurity through multiple
disciplinary lens instead of a single lens.

Review of Literature

Cybersecurity Education

Heather Stratford states, “Outmoded Training Methods in Cybersecurity Fuel Increased
Cyberattacks” and suggested teaching and engaging students with microlearning techniques and
gamification (2020). Dresden University of Technology found that “students taught using
microlearning-style assessments performed 22.2% better than the other group of students. In
addition, they took 28% less time to answer questions and performed 8% better on a
comprehensive exam” (Stratford, 2020). “Employers increasingly are concerned about the
relevance of cybersecurity-related education programs in meeting the needs of their
organizations” (NIST, 2018). A consistent complaint from employers about academic programs
focusing on cybersecurity programs is an over-emphasis on theory and book learning, which
prevents students from building the practical skills they need in the workforce (Lewis &

Crumpler, 2019). Practical direct experience is necessary to equip students with the tangible
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skills employers expect and need to ensure ability to protect an organization from non-textbook
attacks. Fifty-nine percent “of technologists say direct learning is the best way to apply new
skill” (NICE, 2023), yet cybersecurity educational programs provide siloed direct opportunities.
Cybersecurity education sometimes inaccurately introduces the process of “hacking as a
standalone, primarily technical skill, neglecting the broader understanding of security principles
and ethics” (Bhatia et al, 2024).

Drones

Uncrewed Aircraft Systems (UAS) also referred to as drones are part of cyber security
strategies as a tool for advanced surveillance, aerial assessment of wireless networks, evaluation
of hard-to-reach infrastructure, rapid incident response, network resilience testing, data
encryption and secure transmissions (Jones, 2024). Drones are flying computers, thus
suspectable to all the same cybersecurity threats of traditional computers, plus additional attack
areas. A traditional computer network, drones and their associated devices are all endpoints in a network,

but add in Internet-based features and connectivity, now the drone system becomes a cloud network. As a

result, drone networks are vulnerable to traditional cyber-security attack vectors because they use servers,

controllers, applications, telecommunications (Stange & Coffman, 2023).

The Drone Network Nodes

Figure 1: Drone Stack (DroneSec, 2021)

Drone security is “about understanding that while drones can be used for good, they can also be

used for nefarious purpose,” just like any other technology (Gonzalez, 2024). Drones provide
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attack opportunities through the backend, mobile apps, radio frequency communication, and the

physical device as with other technical devices (Gonzalez, 2024).

Figure 2: Drone Attack Surfaces (Gonzalez, 2024)

An important aspect for drone operations is data collection during flight and transmitting it back
to a control host. With just a Raspberry-Pi and a WiFI Pineapple an attacker could launch a
Denial of Service, Deauthentication Methods, Man-in-the-Middle, Unauthorized Root Access

and Packet Spoofing attacks (Westerlund and Asif, 2019).

Figure 3: Deauthentication attack, where the attacker takes control of drone (Westerlund & Asif, 2019).

Honeybees

A honeybee colony is a complex society where thousands of bees work together in a hive,
which is a superorganism with distinct roles for different bees, all contributing to the colony's
survival through a complex defense system. The entire colony is concerned with protecting the
hive and the honey. Studies have shown” that guard bees play a unique and key role in colony

defense. Alarm pheromones function in integrating defensive responses; honeybee alarm
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pheromone is an excellent example of a multicomponent pheromonal blend” (Breed et al, 2004).
“Intrusion Detection and Prevention Systems (IDPS) against hackers.

Honeybees survive in difficult environments with various levels of threats to security. These
threats motivate the bees to be able to detect and respond quickly on any aggressive acts that

may attack the colony” (Couvillon, 2008).

Figure 4: Honeybee Defens (The Ho/yHabibee, 2025)

Multiple Disciplinary Lens

Dr. Jim Jones explains that cybersecurity must be interdisciplinary and collaboratively
taught in other disciplines such as information technology, networking, computer science,
engineering, physics, and math (2023). Since drones are amazing flying computers, they are

prone to all the security attacks of traditional computers.
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Figure 5:Simularity of Cyber and Drone Inclusion (Stange & Coffman, 2023).

A single drone is like a desktop computer, swam of drones would be like an enterprise network,
and counter-drone systems are like anti-virus that uses signature of attack (Stange & Coffman,
2023). Bhuyan et al used drones to host a cohort to learn cybersecurity skills with drones, in
doing so, they learned four important skills such as Python programming, teamwork, cloud

computing, and the basics of malware and encryption (2020). This study also found that students
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learn to solve problems better when they apply what they have learned to their daily lives. An
example of a cyber activity done with a drone would be instead of having a student simulating
hacking into a PC Register, provide a drone and by using “ElectroMagnetic Fault Injection
(EMFI) to induce changes within the live bytes on the printed circuit board (PCB) and caused
memory corruption. This would teach students how an attacker could use such an exploit to fully
control one device, leak all its sensitive content, and potentially leak the device’s encryption
keys” (Gonzalez, 2024). In cybersecurity students are use social media, items posted online such
as videos, Google Dorks, and information from intelligent sites. Instead of just looking at
traditional security breaches have them collect data through geographical location, date and time,
drone model, activity, subject, and photos from drone collection. Next, they would analysis these
items through traditional Open-Source Intelligence (OSINT) methods to protect society.
According to DroneSec, using this approach would provide cyber students the needed threat
intelligence skills of accuracy, reliability, timeliness, categorizing, and level ranking (2021).
After students learn the fundamentals of writing a traditional Standard Operating Procedure
(SOP) manual, provide them a hands-on opportunity to apply that knowledge by writing a SOP
that “considers the physical and digital risks associated with drones and how they can be used

safely and securely whilst performing unmanned activities within the client” request (DroneSec,

2021).
Beekeeping Cybersecurity
Colony of Thousands of Individuals Working on Company of Individuals Working on one Mission
one Mission
Frames & Frameworks for Decision-Making Frameworks for Decision-Making
Honey Bees (Apis Mellifera) are an Invasive Cyber Security is a relative newcomer to business

Species in North America

Honey Bees make critical decisions that affect Cyber Security organizations make decisions & are
their continued existence under attack too!

Figure 6: Similarities Between Beekeeping and Cybersecurity (Whitver & Watson, 2021)
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Pawar uses the honeybees’ activities to model cybersecurity in three ways: (1) honey bits,
(2) honey pots, and (3) honey nets. Honey bits to bees are droplets of honey, but in a computer
system they “are unused data files intended for a hacker to access within a system (Pawar, 2019).
A honey pot for a hive is the smell of the honey that attracts an attacker and alerts the rest of the
hive of the attackers’ intentions. In relation to cybersecurity, the honey pot computer or server
has no legitimate business value other than giving alert to the organization about an attack
performed” and “uses Host-based IDPS with Network-based IDPS on its subnet. By monitoring
traffic to honey pot, you can better understand where cybercriminals are coming from, how they
operate and what they want” (Pawar, 2019). While honeybees do not commonly sacrifice
themselves, they will use older bees via a dance, relaying information about the location and
distance of nearby food and water sources, or potential locations for a new hive to confuse
attacker bees. Honey nets within a computer system is a sacrificial subnet with machines with
vulnerabilities, designed to attract the interest of the cyber attacker and “to allow security
personnel the opportunity for advance notice of a potential attack against real production”
(Pawar, 2019). “Host based IDPS monitors activity on a particular computer host or device such
as a router. Network IDPS observe traffic in the similar form of sniffer. It monitors activity.
across a network link” (Pawar, 2019). Ghassan Ahmed Ali, Aman Jantan, and Abdulghani Ali
simulated the “power of defending the intruder from entering the hive, the effectiveness of
exchanging information between the bees” to create an approach for intrusion detection that was
able to “identify a malicious packet and detect the known and unknown intruders” (2009).
Conclusion

Teaching cybersecurity through the disciplinary lens of drones and honeybees make

learning concepts engaging and more thought provoking then traditional methods. Additionally,
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it provides students an opportunity to gain additional knowledge that provide non-cyber
credentials such as the FAA TRUST safety training and sUAS Remote Pilot certifications. While
expanding knowledge about an important part of our economy as honeybees are essential
pollinators for the crops we eat. More importantly, these two areas help demonstrate the
importance for cybersecurity students to think beyond a siloed field and understand that
cybersecurity has a role in so many aspects of our society. Armed with this expanded knowledge
and mindset, cybersecurity graduates enter the workforce with a more open mind set, greater
problem-solving abilities, and a more global vision of cybersecurity.

Future Research

The next step is continuing to monitor cybersecurity students taught with the multiple
lens approach to determine if retention and success is equivalent to or greater than those taught
through the single lens approach. The data needs more evaluation to see if adding these different
lens increase cybersecurity students ability to thinking more critically about cyber treats and thus

becoming a better cybersecurity professional.
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Al Insights from Undergraduate Programs in the Midwest

Introduction & Literature Review

The COVID-19 pandemic accelerated the integration of new technologies in the teaching
and learning process among higher education institutions (Anonymous, 2023). In this context,
many recent technologies, including the development of Artificial Intelligence (Al) tools, have
acted as a disruptor in the learning landscape. Loder and Nicholas (2018) defined Al as
“computers which perform cognitive tasks usually associated with human minds, particularly
learning and problem-solving” (p. 11). As a result, Al applications have been used by students to
support their academic journey. Various researchers have reported the use of Al to support
students’ academic journey. In their systematic review, Chan and Zary (2019) identified 21
articles related to the use of Al for feedback for learning and 18 addressing guided learning
pathways. Similarly, Crompton and Burke (2023) reported that out of 138 articles included in
their systematic review on Al in higher education, 72% of the studies reviewed focused on

undergraduate students.

As Al is integrated into the learning process, numerous researchers have reported its role
of Al as a tool to support students’ learning journey. Among the many applications used by
undergraduate students, Shumeiko and Osadcha (2024) identified various Al tools, including
ChatGPT, Grammarly, and Google Gemini. In this regard, Mahapatra (2024) reported that
students use Al to enhance grammar and provide feedback on language and sentence structure.
Similarly, Chen et al. (2020) noted that Al applications offer students a more engaging and
enriching learning experience. Interestingly, Shumeiko and Osadcha (2024) added that Al
supports the development of soft skills such as critical thinking, problem-solving, and
communication skills. In this context, the development of soft skills is critical in higher

education, as the National Association of Colleges and Employers has stressed the importance of
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these skills for undergraduate success in the workplace (NACE, 2021). Given the holistic impact
of Al on the learning process, this study sought to answer the question, “How do undergraduate
students in Midwest universities use Al resources to support their academic journey and improve

their learning experience?

Methodology

This exploratory study uses an IRB-approved web-based survey (Creswell & Plano
Clark, 2018) and a narrative literature review (Ferrari, 2015) as data sources to explore the
experiences of undergraduate students using artificial intelligence across Midwest universities.
The survey included both closed-ended and open-ended questions (Creswell & Plano Clark,
2018). Qualitative responses are combined with percentages drawn from the quantitative data
(Anonymous, 2023). The qualitative data are based on questions directly related to the study's
purpose, providing information about participants' experiences with Al tools (Creswell & Poth,
2018; Galletta, 2013). For example, one question stated, “Can you describe a specific situation
where Al significantly enhanced your learning experience? This top-down coding approach is
employed to lead the thematic analysis (Braun & Clarke, 2012), integrating quantitative
percentages and qualitative narratives based on the participants' responses.

Following the work of Ferrari (2015), the narrative literature search was conducted across
different databases, including Google Scholar, EBSCOhost, and Web of Science. The keywords
used for the search were ("artificial intelligence" OR AI) AND ("higher education" OR college)
AND “undergraduate.” This query ensured that the findings were related to articles addressing
Al within the context of higher education, specifically involving undergraduate students. Only

open-access publications in English were selected within the last ten years. Additional sources
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were added to provide context and references to the history and applications of Al by
undergraduate students in higher education (Ferrari, 2015).

Data were collected using an IRB-approved web-based anonymous survey, that did not
require participants to provide their personal information. The authors utilized various platforms
to disseminate the link to the questionnaire, including professional faculty groups on LinkedIn
and faculty associations in the Midwest.

Participants

The study included the responses of sixty-six undergraduate students enrolled in
undergraduate programs in the Midwest who responded voluntarily to an online survey. These
students are part of several higher education institutions in the Midwest, with 55% identified as
male and 45% as female. The range of ages of all the students is between 18 and 25 years old.
While business was the major reported by 80% of the students, Computer and Information
Sciences was reported by 12%, and Fine Arts accounted for 8%. Others reported majors included

Engineering (2%), Health Professions (2%), Psychology (2%), and Social Sciences (2%).

Results

The results of this exploratory study illustrate important points related to the reasons
students use Al, their confidence in their use of Al their use of paid Al tools, the Al tools of
choice, the frequency of use, impact on students’ soft skills, and valuable qualitative and
quantitative insights related to academic support versus academic productivity.

[lustrated in Figure 1 are the primary reasons students used Al to support their academic

activities.
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Figure 1: Activities Supported by the Use of Al
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The reported percentages from Figure 1 indicate that 80% of students use Al for
brainstorming activities, 65% for grammar checking, 61% for summarizing documents, 52% for
finding specific information, 20% for translating texts, 18% for generating ideas for visuals, and
5% for supporting other activities.

As depicted in Figure 2, a high percentage of students (85%) rated themselves between
extremely confident and moderately confident in their ability to use Al tools to support their
academic work. Conversely, only 15% of students rated themselves as slightly confident.

Figure 2: Level of Confidence in the Use of Al
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Understandably sensitive to the cost of using Al, Figure 3 shows that a high percentage of
students (83%) use the free version of Al tools. Conversely, only 2% prefer the premium version,

and 15% use both versions to some capacity.
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Figure 3: Free vs Paid Use of Al

Free vs Paid Use of Al Tools
0% 83%
80%
0%
50%
50%
40%
30%
20% 15%

o _

Basic (free) Mixed (some free, some paid) Premium (paid)

Relating to modality of use, Figure 4 shows that a high percentage of students (80%)
prefer accessing Al tools from home, compared to 77% from educational institutions, 27% from
public spaces, and 20% from their workplace.

Figure 4: Al Tools’ Preferred Access
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Al has permeated a variety of tools. Figure 5 shows the frequency of use by Al tools.
Interestingly, more students considered themselves as heavy users of Grammarly (20%), versus
ChatGPT (11). Conversely, more students are normal users of ChatGPT (85%) compared to

Grammarly (53%).
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Figure 5: Frequency of Use of Al Tools
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Concerning Al, soft skills refer to personal attributes such as problem-solving, Critical
Thinking, Communication, Time Management, and Collaboration. Figure 6 shows the perceived
impact of Al on developing soft skills. Interestingly, students perceive that Al highly supports
their problem-solving skills, with 95% of them agreeing. Critical thinking is the second
perceived skill developed by the use of Al, with 92%, followed by Communication with 76%,
Time Management with 70%, and Collaboration with 65%.

Figure 6: Al Impact on Soft Skills
Al Impact on Soft Skills

0% 10% 20% 30% 40% 50% 60% 70% BO% 90% 100%

Problem-sotvin | 5551
Critical Thinking
Communication
Time Management

Collaboration

= Positive Impact  ® No Impact

The quantitative data, illustrated by quantitative results, lend themselves to a thematic

framework based on Academic Support (Idea Brainstorming and Writing Improvement) and
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Academic Productivity (Time Management and Stress Reduction). The results are depicted in

Table 1.

Table 1: Thematic Framework of Al-Enhanced Academic Support and Academic Productivity

Theme Code Exemplar Quotes Survey Activity Interpretation
Responses
Academic "I use Al to brainstorm ideas
Support Idea or make my writing better for Al supports
Brainstorming  essays.” students in
"When I was brainstorming generating ideas
for an English paper, Al was and refining
able to give me some good 80% To Brainstorm grammar, and
ideas.” Ideas writing
“It [Al] makes my sentences
make more sense and
introduces me to new words.”  65% Grammar
Writing Check Tool
Improvement
Academic Time Al supports
Productivity = Management “Al helps me study for exams 61% Summarizing  students in saving
by summarizing slides for Documents time and helping
note taking and helping me with topic
layout my ideas for essay comprehension.
questions.”
"For many of my courses and
exams, I am not provided
Stress with a study guide. So I asked
Reduction it to complete one to 52% Finding
prepare.” Specific
“It significantly enhanced my Information

learning experience by
teaching me ways I can break

down my studying.”
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Discussions

The study contributes to the growing body of research examining the integration of Al in
higher education by highlighting students’ perceived benefits, concerns, and challenges.
Consistent with recent literature, the findings suggest that Al tools are perceived by students as
valuable resources for enhancing vocabulary development, critical thinking, and academic
communication, particularly among multilingual learners (e.g., translation, grammatical
revisions) and in self-regulated learning contexts (Englmeier & Contreras, 2024; Khalifa &
Albadawy, 2024; Mahapatra, 2024; Sajja et al., 2024). However, discrepancies in outcomes
across disciplines, such as the lack of significant improvements in cognitive and communication
skills reported in business education (Gerlich, 2024), underscore the importance of
contextualizing AI’s educational value. Additionally, while AI’s capacity to improve time
management through expedited content summarization aligns with student experiences and prior
research (Walter, 2024), this convenience raises critical concerns about the potential erosion of
essential academic practices like close reading, analysis, and the cultivation of original thought
(Nakazawa et al., 2022). These findings suggest that while Al can serve as a meaningful
educational aid, its implementation requires careful pedagogical consideration to balance
efficiency and the preservation of deep learning processes and academic integrity.

Students expressed concerns about Al providing false information or experiencing
“hallucinations.” Specifically, students worried that some Al responses are “Not giving accurate
information.” Alkaissi & McFarlane (2023) highlighted similar concerns regarding the integrity
and accuracy of the information provided by some Al tools. Similarly, Filetti et al. (2024)

reported that recent versions of ChatGPT generate non-existent bibliographic references.
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Asking questions to Al applications to obtain the right information was described by
some students as a challenging activity. One student commented, “Sometimes Al doesn’t give
ideas that properly fit what I need. I believe it’s my fault in how I prompt it.” This comment
reveals the imperative need for students to develop the basics of the “skill of prompting”
(Oppenlaender et al., 2024). Another student confirmed, “If you put in a specific prompt, you
will get what you want.” Therefore, students need to develop skills in writing prompts to harness
the potential of Al to enhance their learning journey (Eager & Burton, 2023). Bias is another
concern raised, as one student commented that “Al can be incorrect or biased.” As reported by
Hwang et al. (2024), the training data for some Al tools originates from well-funded institutions

in affluent, English-speaking countries, which leads to potential bias.

Implications for Practice

Three areas are critical to the educational development of a well-skilled graduate, ready
to be a productive member of the workforce and society: Curriculum, Soft-skills, and Ethics.
Curriculum Al Integration

As students perceive Al as a tool for developing soft skills, faculty can design learning
activities that foster these skills, aligning with employers' job requirements on a combination of
core and soft competencies in graduates. These activities can help students create a better job
readiness situation. Correspondingly, while students embrace the use of different Al tools to
support their academic journey, it is critical to integrate “prompting” literacy into the curriculum
to improve the results of their interactions with Al tools.
Soft-skills Development Using Al Tools

The study findings reveal a need to integrate Al-driven learning tools to enhance the

development of soft skills in applied technology education while also balancing Al accessibility
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with ethical literacy and information evaluation practices. Given the high percentage of students
perceiving Al as a catalyst for developing essential soft skills, particularly problem-solving
(95%), critical thinking (92%), and communication (76%), higher education institutions should
intentionally incorporate Al tools into their curricula. Implementing structured activities that
guide students in using Al not merely for efficiency but for iterative inquiry, ethical decision-
making, and collaborative problem-solving will elevate both the academic experience and
students’ preparedness for professional leadership roles.

Ethical Approach.

While students demonstrate confidence and proficiency in using Al tools for various
academic tasks, including brainstorming, summarizing, and study preparation, the reported
concerns regarding misinformation, bias, and privacy risks highlight the need for higher
education to address Al literacy comprehensively. Consequently, institutions should embed
ethical Al use, data privacy awareness, accuracy, and evaluation of information into program

outcomes.

Conclusions
As students incorporate more Al applications to support their learning journey, it is
important to highlight four key considerations from this study that relate to this integration.
First, HEIs need to recognize the supporting role of Al tools in learning activities such as
brainstorming, grammar checking, summarizing documents, and translating texts.
Second, most students have learned the use of Al tools by themselves without any
institutional guidance. Hence, it is critical to integrate Al into the curriculum to develop expertise

in students on topics related to inaccuracies, bias, and prompting.
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Third, as more employers require a combination of core and soft skills among graduates,
Al tools need to be used to support the development of these skills to improve the employability
of future graduates.

Finally, HEIs should provide faculty with professional development on integrating Al
into the curriculum to effectively promote the use of Al tools among students.

These considerations, added to a well-rounded curriculum, will support students as they

enter an evolving workforce where the use of Al is fast becoming an essential skill.
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