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Introduction

On September 12th, 1962, a crowd was forming in the Rice University stadium. Students
gathered in the rafters, fanning themselves in the humid Texas heat with folded pamphlets to

watch President John F. Kennedy speak.

Holding onto the podium and taking sharp but directed glances, the President emphasized
the need for the next generation of engineers to continue to innovate and pioneer not only
because they can, but because with the hardships came high rewards.”The growth of our science
and education” he states, “will be enriched by new knowledge of our universe and environment,
by new techniques of learning and mapping and observation, by new tools and computers for

industry, medicine, the home as well as the school.” (Kennedy, 1962)

60 years ago, Kennedy had captured the essence of acrospace engineering’s purpose: to
tackle humanity’s greatest challenges with unwavering determination and optimism. Today, one
could argue the determination stands, but the optimism has wavered as the aerospace industry
stands at the crossroads of unprecedented challenges and opportunities. As global demands for
advanced space technologies grow, the field is experiencing a rapid shift in priorities, driven by
the increasing focus on space exploration, commercialization, and sustainability. At the same
time, the work environments of aerospace engineers are becoming increasingly complex,
characterized by compressed timelines, resource constraints, and mounting pressures to innovate.
These changing conditions often lead to a deprioritization of safety—historically the bedrock of
aerospace engineering. Engineers, faced with competing demands, may inadvertently
compromise safety standards in the pursuit of performance or expedience, creating significant

risks for both industry stakeholders and the public.



Compounding this challenge is the gap in aerospace education. Many academic programs
are not evolving at the pace required to address the growing importance of space technology.
While safety and technical rigor remain focal points in the curriculum, there is an urgent need for
capstone projects and hands-on learning opportunities that reflect the realities of modern
space-focused engineering. These experiences are essential to equip graduates with the skills and
mindset necessary to excel in the space sector, where innovation must coexist with rigorous

safety protocols.

This paper explores the intersection of these challenges, examining how changing work
environments and shifting industry priorities are affecting safety practices while highlighting the
critical role of updated aerospace curricula in addressing the growing demand for space
technology expertise. By identifying gaps and offering actionable recommendations, this
discussion underscores the importance of fostering an aerospace workforce that is not only

adaptable and innovative but also unwavering in its commitment to safety

Technical Topic

In 2022, the Under Secretary of Defense R&E department defined “Space Technology”
as a Critical Technology Area (CTA) as part of their National Defense Strategy, highlighting the
existing commercial sector activity and the need for expansion to maintain US technological
advantage (USD R&E, 2022). In turn, there is a growing trend among university aerospace
engineering programs to expand student interest in spacecraft design. The Bureau of Labor
Statistics expects the employment of aerospace engineers to grow 6% from 2023-2033—faster

than the average for all occupations— with an average of 4,200 openings projected each year



(BLS, 2024). With this growth, the industry expects a two tailed problem; a labor shortage of
aerospace engineers, and a knowledge shortage with the incoming aerospace engineers when it
comes to spacecraft design. While the labor shortage concern is an extremely complicated issue,
one could argue that the knowledge shortage could be caused by a lack of space-related
engineering courses in the aerospace curriculum. Additionally, there is a lack of precedence
within UVA’s Mechanical and Aerospace Engineering (MAE) department with the use of
experiential learning models in capstones, especially in regards to building a subscale-sounding
rocket. The Class of 2024 designed a rocket for their capstone, but had multiple issues that
resulted in a failure to launch. Gaining experience in these design concepts through hands-on
capstone work is imperative to ensuring engineers can apply their practical knowledge in the
field. Thus, lessening the skill gap in their careers and ensuring the quick advancement of these

technologies for future applications.

Sounding rockets are small, suborbital rockets that are usually used to carry instruments
to a high enough altitude to measure/characterize the upper atmosphere. Its overall time in space
is brief, usually 5-20 minutes, but they are critical for scientific research as they can be “carried
out at very low cost” and “enable scientists to react quickly to new phenomena” (NASA, 2023).
This capstone project, aptly titled the Hoo-Rizon 1, provides the opportunity to expand this
impact on research in an entry-level way while opening the doors for future expansion of impacts
from the success of this project.

Our team uses a combination of system-level and subsystem-level tools and methods to
fulfill the mission goals and objectives. We have adopted (1) NASA’s life-cycle management
structure, (2) a systems-oriented iterative design process, and (3) numerous project, cost, and

schedule management practices. Furthermore, we have adopted numerous sub-system level



methods to support the Aerobody, Avionics, and Propulsion subteams. As one of our methods,
our team uses NASA’s project life-cycle management structure and presents our progress using
three deliverables: a project pitch, a conceptual design review, and a preliminary design review.
NASA uses key documents to map and organize program pre-formulation, formulation, and
implementation. Given our team's two-semester time constraint, we are using a condensed
version of that management structure. Furthermore, our team is using an iterative design process
to create a closed-form solution that meets the mission goals and objectives. For example, we’ll
evaluate the rocket’s max-altitude given preliminary aerobody dimensions and motor thrust
curves, and we’ll update those parameters accordingly. Finally, our team utilizes project
management tools such as Gantt Charts, risk matrices, Google Drive, and Discord to organize

and facilitate team logistics.

STS Topic

Working in a discipline where every value is treated as an absolute, failure is a
multifaceted problem that can’t be accounted for with a simple check of a pen due to its
systematic and propagative nature. This can best be seen through the discipline of aerospace
engineering, a relatively new field given most advancements have occurred in the past century. It
took less than forty years to go from First Flight to the creation of the first jet powered aircraft,
and then just another thirty years after to launch Apollo 11 to the moon (AIAA, n.d). Sadly, such
speed of innovation comes with consequences. Failures throughout this history, including the
catastrophic Challenger and Columbia disasters, have led to the creation of regulations aimed at

improving safety.



The Challenger disaster in 1986 occurred when a faulty secondary O-ring seal-meant to
prevent the combustion gases from releasing from the booster—failed due to record low cold
temperatures at launch, leading to a catastrophic explosion just 73 seconds into flight. The first
O-Ring seal was confirmed to have been broken before launch, and heavy reliance was placed on
the redundant system. The Columbia disaster in 2003 involved the space shuttle disintegrating
upon re-entry due to the failure of the Thermal Protection System (TPS) by a piece of foam
breaking off during launch and hitting the wing, which NASA Personnel were aware had
occurred (Post, 2014). These disasters resulted in the loss of 14 total crew members, and
investigations into these tragedies revealed organizational failures, such as poor communication
and risk management, that allowed unsafe practices to persist unchecked. The resulting reforms,
such as the establishment of NASA’s Office of Safety and Mission Assurance (OSMA) and
requirements for independent technical oversight, were designed to address these systemic

weaknesses and create safer practices within aerospace organizations.

However, this oversight system is far from perfect, and recent scandals highlight that
external pressures to mitigate safety issues need to be combined with internal prioritization of
safe workplace practices. The Boeing 737 aircraft scandals, in which multiple of their planes had
been found to harbor manufacturing defects, led to increased scrutiny of their manufacturing line
and their ‘business-first’ prioritization practices. Specifically, interest has risen with the idea of
safety culture, with the Department of Transportation through the FAA stating “There must be a
shift in the company’s safety culture to holistically address its systemic quality assurance and
production issues” (Whitaker, 2024). Safety culture in this context is defined as an organization’s
values, approaches, and behaviors when addressing safety concerns from the CEO to the shop

floor. The factors that can cause a lapse in good safety culture are hard to quantify, as it is a very



human-centric topic. However, the perception of safety culture within the aerospace industry is
extremely important to address, as failure to do so could create an environment in which human

life is not prioritized in the design space and can result in detrimental effects down the line.

In my STS paper, I will analyze the Challenger and Columbia disasters from a safety
culture perspective, utilizing Dr. Diane Vaughan’s idea of the “Normalization of Deviance” as
my theoretical framework (Vaughan, 1996). I will look into workplace practices that propagate
the normalization of deviance, and devise a theoretical process that I believe would explain the
eventual normalization of bad safety practices. To do this, I plan on analyzing and applying ideas
such as the CollingRidge Dilemma and Zimbardo’s “Bad Apples, Bad Barrels, and Bad Barrel
Makers” schema (Collingridge, 1982; Zimbardo 2007), . Additionally, I will compare and
contrast Safety Climate with Safety Culture, and briefly explore the relationship between the two
when it comes to internal and external workplace pressures. By the end of my research, I hope to
help identify factors that can influence aerospace safety culture so that further researchers could

create metrics and plans to help mitigate the risks that bad safety culture creates.

Conclusion

In conclusion, my STS and technical papers address the socio-technical challenge of
advancing aerospace technology in an innovative yet safe manner. By examining the role of
capstone projects like Hoo-Rizon 1, my technical paper highlights how hands-on learning equips
students with critical technical skills and instills a foundational awareness of safety.
Simultaneously, the STS paper explores safety culture through case studies such as the
Challenger and Columbia, applying theories like Vaughan’s “Normalization of Deviance” to

reveal how organizational practices can lead to major failures.



Together, these topics underscore that engineering is not just about technological mastery,
but about responsible innovation that considers societal well-being. We can gain a deeper
understanding of how safety culture can be integrated into engineering education, preparing
future engineers to prioritize safety from the outset of their careers. Ultimately, this dual focus on
education and safety culture has the potential to create a pipeline of engineers who are not only
technically skilled but also equipped with the ethical and practical frameworks necessary to
advance aerospace technology safely. This approach could shape a future where groundbreaking

innovations are achieved without compromising human life or societal trust.
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practices in aviation.



