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WIP: Opening Doors for All: Creating an Inclusive and Equitable
Engineering Education Model Inspired by the ASEE Mindset Report

1. Introduction

In recent years, ASEE, in partnership with other national organizations such as the NSF, NAE,
NAB, and the broader engineering community, has engaged in a multi-year effort to create a set
of high-impact recommendations to transform the landscape of engineering education in the 21%
century. The 2018 ASEE and NSF report, Transforming Undergraduate Education in
Engineering [1], emphasized that the engineers of tomorrow must possess “deep expertise
within a single domain, broad knowledge across domains, and the ability to collaborate with
others in a diverse working environment.” This vision has been echoed in multiple subsequent
studies [2-4] focused on educating the engineering workforce of the future. Most recently, the
2024 ASEE Inclusive Mindset Report 5] reinforced the need for a student-ready, equity-
centered educational system capable of producing a diverse, agile, and highly skilled workforce.

Together, these reports issue a clarion call for systemic changes in engineering curricula that
simultaneously promote breadth of knowledge with sub-disciplinary expertise in specific areas; a
combination of technical and professional skills needed for success; and the ability to work
within culturally diverse settings. These changes, collectively termed as the KSA’s (Knowledge,
Skills, and Abilities) required of graduating engineers, emphasize the following:

o Alternative pathways to higher education that remove barriers to participation by groups that
are underrepresented in engineering programs;

e An engineering curriculum that promotes experiential learning with three important goals:
using multi-modal pedagogies that address the learning needs of diverse learners that meet
them “where they are”; integrating math and science instruction with engineering topics that
are focused on building skills to solve real-world engineering problems; encouraging student
agency and ownership in their own learning;

e A student-centered learning environment that is accessible and diverse, focused on building
relationships between students, instructors and other support personnel; emphasizing a
“humanized socio-technical approach” that centers an ethical, social-justice paradigm in
engineering education; training, evaluating and rewarding instructors for innovations in
teaching and learning that meets the needs of students;

e Broad and strategic collaborations that include industry, community, academia and
accreditation partners that are created to cater to the specific needs, context and opportunities
of engineering programs.

The reports indicate that two broad factors are driving the need for these changes: (1) disruptive
changes in the sociotechnical landscape of engineering that are revolutionizing society and
engineering at a breathtaking pace; and, (2) the continuing predominance of traditional and
exclusionary models of engineering education that leave students ill-prepared to meet the
challenges of a rapidly evolving industry and society. To address these evolving challenges,
engineering programs need to be unafraid to design transformative engineering educational
models that “challenge oppressive systems” and “dismantle oppressive barriers” for the purpose
of educating new generations of engineering students that use their knowledge and life
experiences towards “socially just action. These recommendations will remove barriers to



increase access and diversity and improve instruction leading to better student outcomes that will
lead to the next level of excellence in undergraduate engineering education.” [5]

In this paper, we describe an ongoing project at the University of Detroit Mercy that proposes a
unique model for the freshman year of our engineering programs that is grounded in the
recommendations of the ASEE and NSF reports. The model advances equity and inclusivity by
challenging exclusionary practices built into existing programs and radically reshaping or
discarding those that have been shown to “intentionally or unintentionally harm historically
excluded groups in engineering education” [5]. In the next two sections, we expand on the
factors driving the need for systemic change in engineering education. In Section IV, we detail
our freshman pilot program and its alignment with ASEE and NSF report recommendations.

II: Sociotechnical Imperatives for Curricular Change

The current sociotechnical landscapes of society in general, and the engineering profession in
particular, are undergoing rapid changes with an unprecedented level of disruption and
innovation across technological and social boundaries. These changes are driven by a number of
factors, including (a) the transformative impact of Industry 4.0 [6-13] with its emphasis on Al-
driven decision making, automation and data analytics; (b) societal disruptions like COVID-19
and other pandemics, and their impact on supply chains, workforce stability and other issues; (c¢)
generational workplace value differences and priorities; and (d) an evolving global economic
environment reshaping business models. A recent study of 500 executives across 400 U.S.
companies accentuated the findings of the ASEE and NSF reports by outlining three persistent
challenges facing the engineering workforce [14]:

e Systemic racism and structural inequities in education have historically excluded African
Americans, women, and other minoritized groups from engineering, limiting the diversity of
the workforce.

e The demand for STEM jobs continues to outpace the supply of qualified workers.

e STEM careers are evolving rapidly, necessitating adaptable skills and a commitment to
lifelong learning.

Rapid technological advancements have placed significant burdens on sectors like law, policy,
manufacturing, and human resources [15]. While some sectors adapt quickly, engineering
education, constrained by traditional practices, has struggled to address 2 1st-century challenges
and tap into diverse talent pools [3-4, 6, 12-13, 16-17]. There is an urgent need for engineering
education to shift from standardized, efficiency-driven models to flexible, inclusive, and
personalized approaches that address systemic inequities and align with industry demands [12-
13, 18]. However, as discussed, most university engineering programs face structural barriers to
implementing these changes.

III: The Exclusionary Nature of Engineering Programs

Higher education, including technical education, was designed for full-time students following a
four-year degree path, with processes, financial aid, and tuition models tailored to this "model
student." Today, many students are first-generation learners with family responsibilities, working
part- or full-time, and coming from under-resourced schools. Many must interrupt their



education, starting and stopping due to financial or systemic barriers. Despite the belief that hard
work ensures success, socioeconomic status is a stronger predictor of degree completion than
academic talent [19]. Engineering education, built for operational efficiency rather than student
needs, continues to rely on outdated models [10, 12-13, 18].

Reform efforts have traditionally focused on “fixing” struggling students through pre-college
programs, remedial prerequisites, bridge programs and other interventions aimed at making them
“college ready” and able to navigate impenetrable mazes of transactional educational pathways.
As research has shown, what is needed is for the educational system to be reformed to become
“student ready” which, in turn, will require systemic changes to institutions [20] and a mindset
that moves away from a deficit thinking approach and addresses student disparities as “equity
gaps” rather than “achievement gaps™ [20-21].

Data [22] on the demographics of engineering graduates reveal the impact of racism, sexism and
other exclusionary structures in limiting access to STEM fields rather than removing barriers and
accommodating diverse learners [23]. The current higher education system is exclusionary,
requiring college readiness based on narrowly defined skills [24-34] that many underserved
schools cannot provide their students. The Inequality Machine [35] details how higher education
policies exacerbate inequalities through exclusionary admissions, inequitable financial aid, early
STEM course filtering, and punitive assessments [25-30], disproportionately affecting minorities,
women, and first-generation students [31-34]. University admissions for engineering programs
prioritize metrics like GPA, standardized test scores, and advanced placement courses,
disproportionately disadvantaging students from under-resourced schools, low-income
backgrounds, and those without access to test preparation resources. Meanwhile, qualities like
creativity, teamwork, problem-solving, inquisitiveness, lifelong learning, and the motivation to
make a positive societal impact that centers ethical and just solutions to real-world engineering
problems- critical qualities needed for the engineering workforce of the future—are overlooked.

Even those students who are encouraged to pursue engineering degrees because they are “good at
math and science,” encounter engineering disciplines that are divided into disciplinary silos like
Mechanical and Electrical Engineering, Physics, Mathematics and so on. By fortifying these
divisions, the traditional model is perpetuating an artificial segregation between fields of allied
knowledge and expertise needed by engineers. These persistent, outdated disciplinary structures
are disconnected from today’s interdisciplinary, innovation-driven technological landscape.
Breaking down these barriers is essential to tackle real-world practices and

challenges. Furthermore, despite the rapid evolution of STEM careers, students are expected to
gain “fundamental” knowledge expertise in isolated subjects based on long-standing but obsolete
learning outcomes. In an era where the future of STEM jobs is uncertain and rapidly changing,
engineering programs must train students to focus on learning how to learn, solving complex
socio-technical problems, and embracing lifelong learning—rather than relying on a fixed set of
skills acquired in segregated, uniform classrooms [12].

IV: Freshman Pilot Program Design
A: Introduction

The University of Detroit Mercy is uniquely positioned to address the challenges outlined in the
ASEE & NSF reports due to its leadership in the development of the workforce in the



region. Our mission to foster the intellectual, spiritual, ethical, and social development of our
students received a tremendous boost through a $21.2 million award from the National Institutes
of Health (NIH) BUILD Program [36]. The goal of the program was to increase the
representation of minoritized students pursuing biomedical science careers. Over ten years, the
College built research partnerships with community colleges and local universities to offer
student research opportunities; developed mentoring and advocacy programs for equitable
support; collaborated with industry and government leaders, especially from underrepresented
groups, as speakers and role models; and launched a faculty training initiative to enhance
learning and retention.

Leveraging the success of the NIH grant, the College attracted significant funding from the NSF
and other sources to continue to build upon ongoing transformative and equity-based initiatives,
including (1) a corporate-funded dual-enrollment program for underserved high school students
“who dream of being engineers”; (2) a program to provide engineering students with
entrepreneurial opportunities with local industry, supported by the Kern Family Foundation; (3)
graduate level certificate and degree programs in product development, electric vehicle
technologies, cyber engineering, autonomous vehicles and others in partnership with industry
and government [37].

University of Detroit Mercy’s diverse student body includes 59% female students and 19% from
underrepresented minority groups. Our engineering programs reflect these statistics.
Approximately one-third of our student body are first-generation college students whom the
traditional structures of higher education have not served well. An overwhelming majority of our
engineering graduates have pursued careers in the Metropolitan Detroit area which is home to
large communities of Arab, African, and Hispanic ancestry who work in the Automotive
industry. These facts provide a compelling reason for our approach to transforming our
engineering programs centered on inclusive and equity-based pedagogy.

In the sections below, we introduce our equity-centered redesigned freshman engineering
program. Given the complex nature of the redesign project, our implementation is focused on the
freshman year of the mechanical and electrical engineering programs, starting with a small
cohort of students. The project goals include disrupting legacy barriers such as restrictive
prerequisites, inflexible semester-based course schedules, and traditional assessment methods
that have disproportionately affected marginalized students. This pilot program does not replace
the traditional pathway most engineering students follow. Instead, students in the redesigned
freshman curriculum will transition into the traditional pathway after their first year in the
program. Our hope is to expand the redesign into years 2-4 in future years based on the lessons
learned through the pilot.

B: Pedagogical Design Innovations

The centerpiece of our pilot program lies in our curricular redesign plan which combines all first-
year physics, math and engineering lectures and laboratory instruction in a single, year-long
studio-style course that accounts for twenty-one of the thirty-two credit hours completed by first-
year engineering students. The redesigned curriculum satisfies ABET and HLC accreditation
requirements while also keeping our students on the usual 4-year trajectory for an engineering
degree. The studio teaching approach in physics instruction, or “studio physics”, was pioneered
by the Rensselaer Physics Education Group in the 1990s as an innovative method to improve
student engagement and conceptual understanding in physics [38]. This approach integrates



traditional lectures with laboratory experiments, hands-on activities, and computer simulations,
all within a technology-enhanced environment. By combining these elements, studio physics
creates a more interactive and collaborative learning atmosphere. One defining characteristic of
this approach is the reduction of lecture time, allowing for the incorporation of student-centered
active learning strategies. These strategies emphasize peer-to-peer collaboration, problem-
solving, and real-time feedback from instructors, fostering deeper learning and higher levels of
student-instructor interaction [39]. This instructional model has demonstrated considerable
effectiveness across various institutions, showing significant improvements in student retention,
conceptual understanding, and performance compared to traditional lecture-based instruction
[39-40].

Traditionally, even studio-style courses in STEM disciplines are taught separately, often in
multiple semesters, leaving students with the burden of synthesizing knowledge across courses.
Studies show that this separation frequently results in low knowledge retention rates and
diminished ability to apply concepts in real-world engineering contexts [41]. Our project plan
seeks to remedy this deficiency by adopting an interdisciplinary curriculum using a modified
introductory physics sequence as the foundation for the integrated first-year curriculum. Math
instruction will be provided using content aligned with these physics topics. Our existing
engineering mathematics course, modeled along that created at Wright State [42], will provide
some real-world engineering problem-solving contexts for the integrated curriculum.

A team-teaching approach will be implemented with engineering, physics, and mathematics
instructors trained in the studio model collaborating in curricular design, assessments and
instruction. Introducing essential prerequisite and co-requisite concepts in physics and
mathematics alongside engineering topics would help students see the relevance of theoretical
knowledge to practical engineering problems and enhance their ability to transfer this knowledge
across contexts [43-44]. Collaborative instruction models such as this have been shown to
improve learning outcomes for students from minoritized groups [45].

A variety of pedagogical techniques will be used, including problem-based learning, multi-week
projects, inquiry-based learning, and group work. The integrated classes will meet in two- or
three-hour blocks multiple times a week, not only to satisfy credit/contact-hour requirements, but
also to allow for longer and more in-depth interdisciplinary collaborative sessions. A key
principle of an equity-based pedagogical approach is to allow for a self-paced approach to
learning. We propose to accomplish this through modular instruction that is provided both in-
person and online, with tangible goals to help students assess their progress in achieving the
relevant competencies [7] by the end of the first year.

C: Reorganization of Math, Physics and Engineering Curricula

A significant priority in our redesign is the examination and modification of the course content,
sequence of topics, and depth of coverage in physics and math curricula. The challenges of the
calculus sequence for engineering students are well-known, often acting to filter students out of
the pipeline and derailing many engineering career aspirations [46-47]. Numerous “calculus
reform” efforts have focused on improving teaching methods, contextualizing topics, and
integrating applications but, in the main, math curricula have largely remained

unchanged. Efforts like the Wright State Model [42] have successfully reduced dropout rates,



but the Engineering Mindset Report [5] marks a significant shift by questioning not just
pedagogy but also the content, order, and necessity of topics in the calculus sequence.

The traditional math sequence has two key flaws: it introduces theory-heavy topics like limits
before students are mathematically mature enough to grasp them, and it doesn’t align with the
timing of when topics are needed in science or engineering courses. For instance, vectors are
essential early in physics but aren’t taught until multivariable calculus, while antiderivatives,
crucial for understanding motion, are introduced late in Calculus 1 or even Calculus 2.

To address this, our math curriculum uses a just-in-time approach [48], delaying topics until they
are needed in physics or engineering. For instance, limits and continuity will focus on intuitive
concepts tied to average and instantaneous velocity in physics. Antiderivatives of simple
functions will be introduced early for use in physics, while sequences and series will be
postponed until Signals and Systems, and Laplace transforms until the Controls course.

Our approach to the Physics curriculum is based on integration of typically separate topics taught
in introductory physics. For example, real-world engineering problems rarely mimic the
separation of linear and angular motion concepts, or forces and energy principles in mechanics
and electromagnetism. Instruction in key concepts in mechanics and electromagnetism are
combined in the context of engineering projects to highlight their conceptual similarities. These
similarities will be explored through carefully structured worksheets, fostering deeper conceptual
understanding, and later applied to hands-on projects, enabling students to witness the
interconnectedness between various disciplines and apply lessons learned in class to real-world
challenges.

Our goal is to bridge the gap between the principles of physics and mathematics that students
learn and the complex real-world design challenges they will face as engineers. Students will be
exposed to engineering design challenges not only as technical issues but also through the lens of
their social, ethical, economic, and human dimensions. By integrating Design Thinking [49]
principles—such as empathy, problem identification, idea generation, and prototyping—with the
concepts of Design Justice [50-51], we aim to provide a problem-solving experience that closely
mirrors the multifaceted nature of real-world engineering challenges.

D: Student Recruitment and Onboarding

Our project aims to disrupt the inequitable models of recruitment and create new strategies that
center equity and extend opportunities to students who have demonstrated perseverance and
resilience in the face of systemic challenges. The traditional model of university admissions has
focused on recruiting college-ready students instead of creating student-ready programs [21].
This has led to the exclusion of motivated students from underserved schools, particularly those
with limited access to advanced STEM coursework or resources.

The project team includes a recruitment sub-committee which includes faculty, staff and
community-liaisons with planned efforts to reach out and recruit from various communities,
many of which reflect the demographics of the region in which the university is located. As
mentioned earlier, the college and the university have multiple well-established equity-based
initiatives with local high schools in the area. These programs, which are ongoing throughout the
year, have allowed our faculty to partner with local K-12 teachers, counselors and coaches who
lead their schools in non-traditional STEM pathways through high school level engineering-



focused courses and extra-curricular programs (such as First Robotics). These existing
partnerships will help us identify a cohort of students who evidence high levels of motivation
and interest in engineering but may not have the requisite qualifications through standardized
tests and GPAs that typically form the basis for admission to engineering programs. By fostering
partnerships with local schools and community organizations, we aim to create pathways that
reflect our commitment to equity and empower motivated students to succeed in engineering.

Existing university structures, partially funded by previous NIH and NSF grants, will help us in
onboarding these students to the university environment as well as the freshman engineering
class by incorporating a comprehensive range of support systems that address students’ needs
and foster a sense of community both in and beyond the classroom. Leveraging students'
strengths and providing tailored support have been shown by similar initiatives [52] to be
effective in diversifying STEM fields. Early intervention and support systems have been shown
to foster students’ science identity [53] while celebrating their various other intersectional
identities. Within the classroom, we plan to implement a Learning Assistant (LA) program to
provide student-centered support. These LAs, trained in pedagogy, will join the instructional
team to enhance the studio learning environment by facilitating peer-to-peer interactions and
supporting active learning. Outside the classroom, mentorship networks will be established to
connect first-year students with upper-level peers, faculty, and staff. These mentorships aim to
create an inclusive community where students can navigate academic challenges, celebrate
diverse perspectives, and grow both personally and professionally.

At the institutional level, the University of Detroit Mercy has introduced an equity-focused
faculty search process, which includes a Search Advocate [54] to minimize biases, implicit and
explicit, throughout recruitment and retention. Expanding on this model, our project will
incorporate a Student Advocate who will guide decisions and initiatives to prioritize equity and
inclusivity in the recruitment, onboarding and mentorship of these students.

In addition, campus resources such as the Office of Equal Opportunity, the Student Success
Center, the Office of Diversity, Equity & Inclusion, and the Center for Excellence in Teaching
and Learning will collaborate with the project team. These offices will help assess and refine
initiatives to ensure they are both equitable and effective, supporting an inclusive culture that
benefits all students.

E: Institutional Support

The university’s president has committed support for this project through an innovation fund that
is funding the launch of the first-year pilot. This demonstrates institutional commitment at the
highest level. Ensuring the success of these programs and reinforcing our commitment to equity
requires alignment and dedication from all levels of the institution. Our diverse, multi-
disciplinary project team is comprised of five major sub-committees: curriculum redesign,
recruitment and admission, community & industry partnerships, student support and equity
advocacy, and project assessment and accreditation. The curriculum design sub-committee and
the ensuing instructional team have expertise in pedagogy, but they will be further trained in the
different facets of our proposed initiative through the College’s NIH-funded Institutional
Development program. The various sub-committees will continue to work collaboratively to
develop, implement, and assess this transformative initiative. The assessment sub-committee will
gauge and analyze the effectiveness of the utilized approaches and suggest further modifications



to center equity and inclusivity in our efforts. The expected launch and initial offering of the
freshman year pilot program is being planned for the Fall of 2026. The project team will be
closely working with the registrar and university administration to finalize faculty workloads and
internal processes approvals.

F: Other Important Considerations

Apart from the key items discussed earlier, several key aspects of the program are still being
finalized, including class size, faculty workload, and policies for students with transfer credits or
advanced coursework. For the initial pilot, class sizes will be limited to 10-15 students. The
existing engineering program will continue undisturbed, serving traditionally recruited students,
while the proposed program will act as an alternative pathway. Although the pilot is designed
with Universal Design for Learning practices to ensure flexibility, students with advanced credits
will be directed to the traditional pathway during the launch year. After the initial offering, the
pilot program will undergo assessment and adaptation to better serve all students, including those
typically attracted to traditional pathways.

Faculty credit allocation will reflect contributions to contact hours, with the parent course
combining credits from multiple courses. For the three studio instructors, this will count as one
course each, though the exact allocation is still being negotiated with the administration.

Conclusions

Systemic barriers and inequitable engineering admission and retention practices constitute a
national exclusionary and unjust system that our proposed project aims to transform. By
emphasizing equity, flexibility, and inclusive support structures, we aim to transform the
academic ecosystem and many of its accepted practices to create pathways into engineering that
are accessible to all students, particularly those from marginalized and underserved backgrounds.
Simultaneously, we will align outcomes with the evolving needs of industry, equipping students
to thrive in a dynamic and diverse workforce. The demand for highly qualified workers is high,
but the supply for this demand has been hindered by the exclusion of a large population of
students who have the potential to make excellent engineers.

Engineering needs an equity-centered focus to become the transformational field that it aspires to
be. Our proposed programs will train our faculty and students on inequities and biases that seep
into the design of products and their effect on different populations and society at large.
Increasing the representation of historically marginalized populations in the engineering pipeline
and into the workforce is crucial in creating a more equitable future for all people.
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