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WIP: Developing a Framework for Equity-Centered
Engineering Curriculum and Instruction

Introduction and motivation
In this work-in-progress (WIP) paper, we report on initial stages of ongoing work to

develop a framework to support the design and delivery of equity-centered engineering
curriculum and instruction within undergraduate courses. This paper presents high-level learning
from (1) our synthesis of relevant literature on how instructors teach equity-centered content –
how they integrate equity considerations into engineering content – and (2) a summary of
interviews with equity-oriented instructors. Our literature review and interviews aim to identify
course design components that instructors and staff consider essential for equity-centered
engineering education, including pedagogy, content, and the interplay between them. For this
research, we defined equity-centered engineering curriculum and instruction as courses or
sequences of courses that both integrate equity considerations into technical content and support
students’ engagement through pedagogical attention to equitable classroom environments.

Students, particularly Black and Latinx students (e.g., [1]) and women (e.g., [2]), are
often interested in learning how they can support equity through work in STEM [3] - [12], but
this is still slow to be addressed in courses. Educators have identified dimensions of engineering
culture that impede attention to equity in engineering courses. These barriers include a culture of
competition over collaboration [9], [13], [14]; whiteness, masculinity, and heteronormativity
[10]; the belief that engineering is neutral and meritocratic [3], [7], [10], [15], [16]; and
prioritization of technical knowledge over social understanding [3], [7], [10], [13], [14]. To
challenge these conceptualizations, educators have suggested interventions that refute narrow
understandings of engineering practice, including guidance on how to introduce social justice
and equity into course content and practice (e.g., [7], [11], [13], [17] - [21]), and
recommendations for inclusive teaching practices (e.g., [5], [6], [10], [14], [20], [22], [23]). Yet,
our ongoing review of the literature and our interviews with instructors reveal the need for a
more holistic approach to curricular and instructional change that includes ongoing support for
instructors as they learn to design and implement courses that center equity. This will involve
implementing both equity-centered content and pedagogy (e.g., [20], [24]) in a range of courses.

We describe the first phase of research to build a curricular and instructional change
framework to support educators who seek to revise or develop engineering courses to center
equity. Our emerging framework acknowledges that instructors – including tenure-track, contract
faculty, and graduate teaching assistants – will typically require professional development to
support them as they design and teach these courses. We also acknowledge that for engineering
to move beyond siloed discussions of equity, academic programs need to revise multiple required
courses, including technical/ engineering science courses. In the following sections, we provide a
project overview and a sample of initial findings categorizing equity-centered content.

Project overview
The goal of the NSF Broadening Participation in Engineering (BPE) grant that includes

this effort is the development of a Teaching Engineering Equity (TEE) Center at the University
of Michigan. The Center will support existing and new efforts aligned with the College of
Engineering’s Diversity, Equity, and Inclusion (DEI) strategic mission and share initiatives with
leaders similarly committed to equity-centered engineering education. Currently, the TEE Center



has three main objectives: (1) designing and validating an evidence-based framework for
creating an equity-centered engineering curriculum; (2) generating and evaluating a collection of
DEI learning activities within specific engineering contexts; and (3) developing a replicable and
adaptive training infrastructure to enable instructors to use the learning activities. The work
described in this paper relates to Objective 1 and engages an interdisciplinary team of faculty,
administrators, and graduate students from the fields of engineering, education, and sociology in
research efforts to inform the development, implementation, and study of the framework. The
early phases of the team’s work have focused on the development of the framework. Subsequent
phases will focus on researching its implementation. As the project has evolved, the three TEE
Center objectives have become more interconnected and mutually supportive.

To date, Objective 1 work has involved literature review and individual interviews with
engineering educators. There is more literature on equitable pedagogy (e.g., [2], [5], [6], [10],
[14], [22], [23], [25] - [28]) than on equity-centered engineering content (e.g., [7], [8], [11], [13],
[17] - [21], [29] - [31]), though we argue that both are necessary in order to prepare students to
be equity-oriented in their engineering practice. Additionally, there are different approaches to
centering equity in engineering courses, e.g., sociotechnical content (e.g., [7], [9], [12]),
Diversity, Equity, Inclusion, and Justice (DEIJ) curricula (e.g., [19], [31]), macro-ethics (e.g.,
[18]), universal design (e.g., [17]), engineering for social justice (e.g., [8], [13], [15], [34]), etc.
Given the variety of terms and approaches, we first sought to define our goals for equity-centered
engineering curriculum and instruction. To challenge conceptualizations of engineering that
reproduce and maintain inequitable processes and outcomes, educators must interrogate what
counts as engineering and support such reflection in their students. Educators must teach that
engineering is sociotechnical in nature [7]; authentic engineering problem-solving is contextual
[13], [23]; and engineering is part of justice movements [1], [20]. Such teaching requires both
equitable pedagogy – to model equitable practices and create environments in which students can
learn to be equity-minded engineers – as well as equity-centered content – in which the
sociotechnical nature of engineering is integrated throughout engineering courses.

To develop our shared understanding of equity-centered engineering education, our team
engaged in an iterative process of group reflection and discussion on these ideas and our own
experiences and commitments. Currently, we contend that, in principle, an equity-centered
engineering course or program (1) integrates a sociotechnical view of engineering practice that
consistently counters views of engineering as neutral, objective, or decontextualized; (2)
encourages ongoing personal reflection on instructors’ and students’ biases and positionality; (3)
critically examines the intersections of identity, power, and privilege in society and thus their
influence on processes and outcomes of engineering practice; (4) develops students’ ongoing
capacity to identify, address, and reflect on inequities and students’ role and positionality in
engineering practice; (5) models equity-oriented engineering practices using content, activities,
and teaching approaches; (6) assesses students’ developing understanding and capacity to engage
in equity-centered engineering practice; and (7) intentionally cultivates equitable social
interactions that support students’ and instructors’ co-learning. These principles both emerged
from and continue to inform the literature review and interview analysis. Some principles focus
on instructional moves while others focus on the content with which students directly engage.
For practical use by instructors, it is convenient to separate instructional and curricular practices,
but we later discuss the reciprocal relationship between pedagogy and content.



Alongside literature review, we also conducted interviews. Through both literature review
and interviews we sought to identify course components that engineering instructors and
instructional staff consider essential for equity-centered engineering education, considering both
pedagogy and content and the interplay between them. Our interview guide thus prompts
interviewees to develop their idea of the essential components. We conducted seven pilot
interviews to refine the guide, and then drafted a list of engineering faculty known to be focusing
on equity in their courses and used snowball sampling to identify additional participants. The
interview collected information about the courses participants teach and about how their
institutional and departmental contexts shape their experience of teaching these courses and
engaging in equity-centered work. We also asked about the kinds of departmental support that
would be useful. To date, we have interviewed 25 instructors and three teaching center staff.
Faculty participants come from all ranks and include non-tenure line instructors. They represent
seven engineering disciplines and three adjacent programs (i.e., technical communication;
general engineering; and STEM education), and come from a variety of private, public, and
minority-serving universities across the US, with one in the UK. Ten participants had significant
experience in engineering education research.

Partway into this data collection effort, we began data analysis. To build a codebook, we
began with a list of codes aligned with our interview topics (e.g., motivations, learning
objectives, etc.). Each transcript was individually coded by at least two team members, and then
discussed to resolve coding discrepancies and synthesize new categories and definitions. To
deepen our analyses, the team wrote reflective memos that examine codes and build categories.

In the next section, we focus on one of the six major categories in our data analysis:
course content. This code captures types of course activities that interview participants used to
teach equity considerations in engineering content. Table 1 provides examples of approaches that
would be coded with different course content codes, paired with similar ideas found in literature.

Preliminary findings: Learning from the technical course context
While our work has been informed by descriptions of courses, workshops, and modules

that integrate equity into engineering curricula (e.g., [7], [17] - [19], [32] - [34]), the limited
number of empirical studies on equity-centered course content shifted our focus to mapping
recommended teaching approaches and practices in the literature. This effort has supported us in
identification of connections between literature and our interview data. Many of our interviews
and much of the literature we reviewed focused on incorporating equity into design courses, but
our framework needs to be applicable in a range of engineering courses. Scholars have argued
that students will best receive the message that engineering inherently involves equity
considerations when topics of equity and justice are integrated into and throughout engineering
curricula [3], [7], [11], [18]. Leydens and Lucena, who described engineering sciences (ES) as
“the sacred cow of the engineering curriculum” wrote, “Perhaps more than any other element of
the engineering curriculum, the ES play important definitional and normative roles in what an
engineer is and what engineering education should be” [13]. Thus, integrating content about
equity into engineering science courses is uniquely important. It is also uniquely difficult to do.

Leydens and Lucena acknowledge that some of their engineering for social justice (E4SJ)
criteria are easier to implement in design than ES courses, but they also write, “Whereas
listening contextually is greatly facilitated by design projects that feature a client…, such
listening is more abstract in the absence of clients… However, students can identify the kind of



listening they would do with hypothetical clients” [13]. This quote suggests both that it is
difficult to integrate an equity focus into science courses, but also that similar approaches can be
used in ES and design courses, though the connections to real-world impacts might be more
abstract or hypothetical in the former. Although we specifically sought interview participants
who teach engineering science courses, we found participants primarily discussed design courses
when asked to describe a course in which they focused on DEIJ. In some cases, they particularly
noted the difficulty of teaching equity-centered content in their fields. For example, an assistant
professor of aerospace engineering said,

We have good guidelines on how to [use equitable pedagogy]… I want to think about,
how can the content of these courses be connected to social justice or equity? That's a lot
more challenging, especially in aerospace because we never talk about people in general,
let alone ethics or equity. We are starting to have conversations around sustainable
aviation or things like that, but lots of engineering fields never talk about equity. I think
in aerospace it's particularly bad. …We never talk about harms. (italics added)

Table 1: Content Category: Code descriptions, example data, and connections to literature
Code descriptionExamples from interviews Examples from literature review
Course content
about nature,
culture, history,
and context of
engineering

Discuss student and faculty
demographics in engineering and
the reasons these numbers are the
way they are

Discuss the nature of science and inequitable
participation; use the subjectivity of science
to interrogate inequitable STEM culture [35]
Challenge statistical objectivity in data
science by discussing eugenics [36]

Student
reflexivity about
their identities,
positionality,
influences, and
biases in general
and as engineers

Have students take implicit bias
tests and reflect on them
Have students break into groups
based on their alignment with
Pew's top 10 national priorities
and reflect on experiences
impacting priorities

Students should "express and critically
reflect on how [their] identities, background,
experiences, biases, privileges and
disadvantages influence [their] engineering
education, practice, and teamwork" [3]
Assign readings and activities about implicit
bias [35]

Sociotechnical
impact of
existing designs,
solutions, and
applications

Assign case readings, e.g.,
exclusionary NYC bridge design
Share examples, e.g., how
sensors don't always respond to
dark-skinned hands

Discuss impacts of single-use plastic straws,
considering sustainability and accessibility;
examine and reflect on one's own
contribution to global waste [7]
Discuss racial bias of pulse oximeter [19]

Interpersonal
skills and values,
ethics, and
sustainability

Teach engineering students to
have empathy as engineers
Integrate ethics throughout
courses, rather than isolating it

Tie social justice to sustainability [7], [8]
and engineering ethics [13]
Discuss ethics and avoiding catastrophes
[18], [19], [21]

Consider diverse
human users’
needs in
students’ designs

Have students design
playgrounds for disabled users or
users in a cold location

Design playground equipment for children
with disabilities [17]
Teach students to ask questions, like, “Who
benefits?”; “Who suffers?” [13]

This instructor is actively thinking about and trying to center equity, but finds that
difficult to do because of the culture of aerospace engineering. His point that it is easier to use
equitable pedagogy than to teach equity-centered content is reflected in engineering education



literature, which presents many more equity-oriented pedagogical frameworks than curricular
ones, suggesting the need for a framework that addresses both.

Another assistant professor described the ways caring pedagogical practices open
opportunities for sociotechnical discussions in technical courses, stating:

I want students to know that I care about them and that we should care about each other. I
want a cooperative environment [not competitive]. What that looks like in a technical
space is I put up discussion questions about how we're doing, I create space for us to talk
about these things as part of class. We end up having the sociotechnical discussions
because that environment is established from the beginning. …it creates an environment
where later that person can speak up and they're not scared to. (italics added)

This participant suggests equitable pedagogical practices create the conditions needed for
equity-centered and sociotechnical discussions of technical content. However, our findings to
date suggest that most instructors teaching equity-centered content view it as more difficult in
“technical” courses than in design courses – a view aligned with publications on teaching about
equity in engineering (e.g., [13]). We are currently seeking to interview instructors who center
equity in engineering science courses to ensure that our framework will be broadly applicable.

Discussion and future work
Our work to date benefits from our review of frameworks for equitable pedagogy in

STEM; literature-based examples of equity-centered engineering courses, workshops, and
modules; and interviews with engineering instructors teaching about equity. The categories in
Table 1 include some elements of an equity-centered engineering course that instructors identify
as opportunities to integrate equity content and that map to recommendations in the literature.
We will continue to identify elements of equity-centered engineering courses through further
analysis of our data corpus, additional interviews with engineers teaching about equity in
technical courses, and continued mapping of ideas in the literature to our findings.

In addition, through discussions with the full TEE Center team, we are identifying ways
to integrate the three “objectives” (above) into a curricular and instructional change framework
that recognizes the need for 1) initial and ongoing professional development for engineering
instructors who seek to create and teach equity-centered courses, and 2) a collective effort by
department leaders and teams of faculty that receive ongoing support for their efforts from
conception and design of equity-centered courses and through implementation and evaluation of
these curricular reform efforts. This holistic approach faces an important challenge, which is to
accommodate different users in different contexts while providing concrete, practical guidance.
We plan to address this challenge by partnering with early adopters (departments and
individuals) to study the framework. We will study their experiences as department leaders and
instructors engaging in equity-focused curricular and instructional change efforts, as well as the
impact of newly designed courses on students’ and instructors’ experiences and learning. This
comprehensive effort will be needed to support refinement of the framework before we engage
additional partners beyond our home institution to further study and refine the framework in
different institutional and disciplinary contexts.



References

[1] E. McGee & L. Bentley. The Equity Ethic: Black and Latinx College Students Reengineering
Their STEM Careers toward Justice. American Journal of Education (Vol. 124): 1-36, 2017.

[2] R. Hughes, J. Schellinger, B. Billington, B. Britsch, & A. Santiago. A Summary of Effective
Gender Equitable Teaching Practices in Informal STEM Education Spaces. Journal of STEM
Outreach 3 (1): 1–9, 2020. https://doi.org/10.15695/jstem/v3i1.16.

[3] G. Agresar, J. H. Callewaert, S. Skerlos, & J. Millunchick. WIP Developing Learning
Objectives for an “Equity-Centered” Undergraduate Engineering Program. Paper presented at
2022 ASEE Annual Conference, Minneapolis, Minnesota, 2022.

[4] E. McGee. Interrogating Structural Racism in STEM Higher Education. Educational
Researcher, 49(9), 633-644, 2020. https://doi.org/10.3102/0013189X20972718

[5] C. M. Cunningham & G. J. Kelly. A Model for Equity-Oriented PreK-12 Engineering.
Journal of Pre-College Engineering Education Research (J-PEER), 12(2), Article 3, 2022.
https://doi.org/10.7771/2157-9288.1375

[6] M. Estefan, J. C. Selbin, & S. Macdonald. From Inclusive to Equitable Pedagogy: How to
Design Course Assignments and Learning Activities That Address Structural Inequalities.
Teaching Sociology, 51(3), 262-274, 2023. https://doi.org/10.1177/0092055X231174515

[7] L. A. Gelles & S. M. Lord. Pedagogical Considerations and Challenges for Sociotechnical
Integration within a Materials Science Class. International Journal of Engineering Education Vol.
37, No. 5, pp. 1244–1260, 2021.

[8] P. I. Hancock & S. S. Turner. Actioning social justice into the engineering curriculum.
International Journal of Engineering, Social Justice and Peace, 9(2), 1–37, 2023.
https://doi.org/10.24908/ijesjp.v9i2.15215.

[9] J. S. Rossmann, K. L. Sanford, J. Nicodemus, & B. Cohen, B. The Sociotechnical Core
Curriculum: An Interdisciplinary Engineering Studies Degree Program. Paper presented at 2020
ASEE Virtual Annual Conference Content Access, Virtual Online, 2020. 10.18260/1-2--35373.

[10] S. Farrell, A. Godwin, & D. M. Riley. A Sociocultural Learning Framework for Inclusive
Pedagogy in Engineering. Chemical Engineering Education, 55(4), 2021.
https://doi.org/10.18260/2-1-370.660-128660

[11] D. S. Claussen, J. Y. Tsai, A. M. Boll, J. Blacklock, & K. Johnson. Pain and Gain: Barriers
and Opportunities for Integrating Sociotechnical Thinking into Diverse Engineering Courses.
Paper presented at 2019 ASEE Annual Conference, 2019.

[12] M. Azizi, M. Imad, S. M. Foote, J. Caulkins, & B. Wuetherick. Humanizing STEM
education: an exploratory study of faculty approaches to course redesign. Frontiers in Education,
8, 2023. https://doi.org/10.3389/feduc.2023.1181157

[13] J. A. Leydens & J. C. Lucena. Engineering justice: Transforming Engineering Education
and practice. John Wiley et Sons, 2018.



[14] S. Secules & S. Masta. Towards a Framework for Equity in Engineering Classrooms, IEEE
Frontiers in Education Conference (FIE), Uppsala, Sweden, pp. 1-4, 2020. doi:
10.1109/FIE44824.2020.9273991.

[15] E. A. Cech. The (Mis)Framing of Social Justice: Why Ideologies of Depoliticization and
Meritocracy Hinder Engineers’ Ability to Think About Social Injustices. Lucena, J. (eds)
Engineering Education for Social Justice. Philosophy of Engineering and Technology, vol 10.
Springer, Dordrecht, 2013. https://doi.org/10.1007/978-94-007-6350-0_4

[16] K. Cross. Racism is the manifestation of White supremacy and antiracism is the answer.
Journal of Engineering Education, 2020. 109. 625-628. 10.1002/jee.20362.

[17] K. E. Bigelow. Designing for Success: Developing Engineers Who Consider Universal
Design Principles. The Journal of Postsecondary Education and Disability, 25, 211-225, 2012.

[18] C. Rottmann & D. Reeve. Equity as Rebar: Bridging the Micro/Macro Divide in
Engineering Ethics Education. Can. J. Sci. Math. Techn. Educ. 20, 146–165, 2020.
https://doi.org/10.1007/s42330-019-00073-7

[19] B. Shields. Justice, Equity, Diversity, and Inclusion Curriculum Within an Introductory
Bioengineering Course. Biomed Eng Education 3, 39–49, 2023.
https://doi.org/10.1007/s43683-022-00086-z

[20] E. A. Davis. Supporting preservice elementary teachers in teaching science for equity and
justice: A practical framework. Innovations in Science Teacher Education, 7(4), 2022. Retrieved
from
https://innovations.theaste.org/supporting-preservice-elementary-teachers-in-teaching-science-fo
r-equity-and-justice-a-practical-framework/

[21] M. Das, G. Roeder, A. K. Ostrowski, M. C. Yang, & A. Verma. What Do We Mean When
We Write About Ethics, Equity, and Justice in Engineering Design? Proceedings of the ASME
2022 International Design Engineering Technical Conferences and Computers and Information
in Engineering Conference. Volume 6: 34th International Conference on Design Theory and
Methodology (DTM). St. Louis, Missouri, USA. August 14–17, 2023. V006T06A036. ASME.
https://doi.org/10.1115/DETC2022-87373

[22] W. C. Lee, B. Lutz, & A. L. Nave. Learning from Practitioners That Support
Underrepresented Students in Engineering. Journal of Professional Issues in Engineering
Education and Practice, 144, 04017016., 2018.

[23] D. Morales-Doyle. Justice-centered science pedagogy: A Catalyst for academic achievement
and social transformation. Science Education, 101(6), 1034-1060, 2017.

[24] C. M. Campbell, D. Chadi & P. Avila. Who, Where, and in What Contexts? Applications of
Teaching Practices Espoused by the Learning Sciences to Higher Education. New Directions for
Teaching and Learning, 2020(164), 65–73, 2020. https://doi.org/10.1002/tl.20425

[25] S. Burgstahler. Universal Design: Implications for Computing Education. ACM Trans.
Comput. Educ. 11, 3, Article 19 (October), 2011. https://doi.org/10.1145/2037276.2037283



[26] C. Burke, R. Luu, A. Lai, V. Hsiao, E. Cheung, D. Tamashiro & J. Ashcroft. Making STEM
Equitable: An Active Learning Approach to Closing the Achievement Gap. International Journal
of Active Learning, 5(2), 71-85, 2020. Retrieved March 14, 2024 from
https://www.learntechlib.org/p/218451/.

[27] B. A. White, J. R. Miles & K. A. Frantell. Intergroup dialogue: A justice‐centered pedagogy
to address gender inequity in STEM. Science Education, 105(2), 232–254, 2021.
https://doi.org/10.1002/sce.21599

[28] N. Holland. Equity in STEM through culturally responsive pedagogy. Phys. Teach. 1
October; 60 (7): 616–617, 2022. https://doi.org/10.1119/10.0014308

[29] M. Gandy, D. Ross & T. E. Starner, "Universal design: lessons for wearable computing," in
IEEE Pervasive Computing, vol. 2, no. 3, pp. 19-23, July-Sept. 2003, doi:
10.1109/MPRV.2003.1228523.

[30] C. Dalton. Interaction design in the built environment: Designing for the ‘Universal User’.
Universal Design 2016: Learning From the Past, Designing for the Future (pp. 314-323). IOS
Press, 2016.

[31] S. Bansal, A. M. Kyle, A. O. Brightman, et al. Approaches to Address New ABET
Diversity, Equity, and Inclusion Criteria in Biomedical Engineering Curricula. Biomed Eng
Education 3, 331–344, 2023. https://doi.org/10.1007/s43683-023-00116-4

[32] C. Cárdenas. A multidisciplinary approach to teach the design of socially relevant
computing systems for social change. Int. J. Eng. Educ., vol. 27, no. 1, pp. 3–13, 2011.

[33] W. Zeiler. Morphology in conceptual building design. Technol. Forecast. Soc. Change, vol.
126, p. 102, 2018.

[34] D. Nieusma & D. Riley. Designs on development: Engineering, globalization, and social
justice. Eng. Stud., vol. 2, no. 1, pp. 29–59, 2010.

[35] A. R. Daane, S. R. Decker, & V. Sawtelle. Teaching About Racial Equity in Introductory
Physics Courses. Phys. Teach.; 55 (6): 328–333, 2017.

[36] N. Alexander, C. D. Eaton, A. H. Shrout, B. Tsinnajinnie, & K. Tsosie. Beyond Ethics:
Considerations for Centering Equity-Minded Data Science. Journal of Humanistic Mathematics,
Volume 12 Issue 2, pages 254-300, 2022. DOI:10.5642/jhummath.OCYS6929. Available at:
https://scholarship.claremont.edu/jhm/vol12/iss2/14


