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Opportunities and Challenges in Teaching Equitable Design in Engineering
Education: A Scoping Literature Review

Abstract
This paper presents the results from a scoping literature review (ScLR) conducted to

elucidate the current landscape, trends, methods, and potential gaps in the literature surrounding
equitable design pedagogy in engineering education. The ScLR follows the methodology
presented by Arksey and O’Malley (2005), which breaks the process into five stages: (1)
identifying the research questions, (2) identifying the relevant studies, (3) study selection, (4)
charting the data, and (5) collating, summarizing, and reporting the results. These stages were
performed iteratively, which allowed for reflection and study team collaboration along each
stage. The study was grounded in four central inclusion criteria: (1) equitable design, (2)
engineering education, (3) engineering course, and (4) secondary education. These criteria were
used to search the existing literature in online databases. The database search was conducted in
August 2023 and resulted in 476 publications. After removing duplicates, 460 publications
remained for analysis and 15 publications remained after completing the three screening cycles.
Our ScLR revealed the current landscape of engineering and design education in regards to
teaching equitable design across three main themes: Level of Intervention, Approach, and
Challenges with Intervention. Educators, institutions, and legislators must overcome these
challenges to ensure that students are not only technically proficient but also possess the skills,
knowledge, and values necessary to meet the constantly changing needs of the 21st century. By
addressing these issues, we help foster an educational environment that produces engineers and
designers who are socially conscious, creative, and advance positive change in the world.

Keywords: engineering design process, human-centered design, scoping literature review, social
justice, equitable design
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Opportunities and Challenges in Teaching Equitable Design in Engineering
Education: A Scoping Literature Review

Introduction

“Design is essential to inclusive growth. It closes the gaps in the interactions between
people and the world around them. We need solutions for human environments that adapt
to fit individual needs, diverse bodies, and diverse minds” (Holmes, 2018, p. 140).

Learning how to design solutions to real-world problems is one of the cornerstones of an
engineering student’s formation. From the industrial to the everyday settings, engineers play an
influential role in how the tools, objects, and systems we interact with daily are designed. Yet,
during their engineering education, quite often students experience a disconnection between the
socio-technical aspects of engineering design and the more technical courses in their curriculum,
which can lead students to favor a view of engineering as a neutral discipline and put less
importance on the human-centered aspects of design (Loweth et al., 2021; Miska et al., 2022). In
turn, when applying their knowledge to create a solution, current practices in the engineering
design process can unintentionally lead young designers to exclude users from traditionally
marginalized populations (e.g., those who are disabled or who live in different socio-economic
contexts from their own), thus ingraining and perpetuating societal barriers within their solutions
(Burleson et al., 2023; Rodriguez et al., 2023).

Equitable design practices seek to break this cycle, increasing accessibility and usability
by guiding designers towards the inclusion of voices and experiences that have traditionally been
excluded from the engineering design process, leading to solutions that are more adaptable,
usable, and human (Costanza-Chock, 2020; Figard & Carberry, 2023; Holmes, 2018; Wong Lau
et al., 2016). But while most approaches in engineering education have consisted of one-time
interventions or additions to existing curricula, it has been suggested that the shift towards the
teaching of equitable design would require a systemic change that includes faculty and student
perspectives, institutional leadership, as well as external stakeholder influence from accreditation
boards and industry partners (Figard & Mercado Rivera, 2023). However, such systematic
change requires that the current state of equitable design pedagogy in engineering education be
established and contextualized so that potential gaps and areas for growth can be highlighted.
Currently, it is unclear how to guarantee curricular alignment across the board because there is
little consensus on how socio-technical design goals can be applied in engineering design
instruction, or on the instructional strategies used (Martin et al., 2021). The purpose of this study
is to identify current trends in the pedagogical approaches used by engineering faculty to teach
equitable design concepts. This paper is guided by the following question:

What are the current trends and findings in academic literature regarding the
applications of equitable design in engineering courses?

Methods
Methodological Overview

This paper uses a Scoping Literature Review (ScLR) to explore the current literature
related to the teaching of equitable design concepts at the high school and post-secondary levels.
The goals of this study are to shed light on the pedagogical practices used to introduce equitable
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design concepts in engineering courses, understand the challenges faced by faculty and
practitioners during their implementation, and understand the implications of adding these
concepts to existing engineering curricula.

Scoping Literature Review (ScLR) Protocol
Scoping Literature Reviews (ScLRs) are conducted to understand the research landscape

of a particular content area. This literature review method is defined by a broader research
question and differs from systematic literature reviews in that its goal is to summarize and
synthesize literature with greater specificity without the formalized structure required by a
systematic review (Arksey & O’Malley, 2005; Borrego et al., 2014; Grant & Booth, 2009;
Samnani et al., 2017). ScLRs are particularly useful for quickly mapping out key concepts,
existing literature, and evidence to identify gaps in current research defined by a specific
research question (Arksey & O’Malley, 2005; Samnani et al., 2017). Our study used Arksey and
O’Malley’s (2005) ScLR framework (Figure 1), which recommends a five-stage protocol for
conducting a scoping review: (1) identify research question(s), (2) identify relevant studies, (3)
select relevant studies, (4) chart the data, and (5) summarize and report the results. Figure 1
further details the process used in our study.

Figure 1
Five-Stage Protocol for Conducting Scoping Reviews

In the following subsections we detail our team’s outcomes for each of the first three
phases of this protocol.

Stage 1. Identify Research Questions
The purpose of this study was to engage with current engineering education literature to

shed light on the pedagogical approaches or methods that are currently being used when teaching
equitable design concepts. Thus, the research question guiding this ScLR is the following:

What are the current trends and findings in academic literature regarding the
applications of equitable design in engineering courses?

This study operationalized “trends” as the means for implementing equitable design
pedagogy within an engineering design course.

Stage 2: Identify Relevant Studies
To further guide our ScLRs, we utilized this study’s research question and goals of this

study to outline four main inclusion criteria to find relevant studies:
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1. The literature must discuss both pedagogy and practices related to teaching equitable
design concepts

2. The literature must include the teaching of equitable design concepts in an engineering
course

3. The discussions of the pedagogical and practical application must describe challenges
faced in the application

4. The literature must emphasize the implications of teaching equitable design to
engineering students

Additional inclusion and exclusion criteria related to publication specifics (e.g.,
publication type, publication date, language published in) are summarized in Tables 1 and 2.
These criteria guided our search for existing literature in the following online databases:
Engineering Village (Compendex, INSPEC) and ProQuest (ERIC, Education Database). The
research team created a generalized search query (Figure 2) for the databases to ensure
consistency in the searches across databases. Databases were searched individually, and results
were exported to a spreadsheet application (Google Sheets) to prepare for study selection. The
database search was conducted in August 2023 and resulted in 476 publications. After removing
duplicates, 460 publications remained for study selection and analysis.

Table 1
Central Inclusion Criteria

Central Inclusion Criteria Working Definition Synonyms

Equitable design Design processes that include the needs
and realities of marginalized populations

Socio-technical design, socio-cultural
design, inclusive design, empathy-led
design, socio-technical thinking,
socio-cultural thinking,
human-centered design

Engineering education Teaching carried out mainly by faculty
with expertise in engineering disciplines;
this may be done as part of an
undergraduate or graduate engineering
curriculum, or engineering preparation
programs at the pre-college level

Computer science education, CS
education, design education

Engineering course A formal course or workshop where
engineering design is taught to students as
a method to create solutions (in the form
of physical products or otherwise) to
existing engineering problems

Design workshop, engineering class,
design course, design class,
engineering seminar, design seminar,
course, class, workshop, seminar

Education level Education from secondary (high school)
to graduate level

College, university, post-secondary
school/ education, postsecondary,
higher education, graduate, graduate
school/ education, tertiary school,
pre-college, secondary level/ school/
education, high school
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Table 2
Additional Criteria

Additional Criteria Working Definition Implementation

Publication type Journal article or conference
publication

Database search restriction

Written in English Publication written and available in the
English language

Database search restriction

Publication year Dates ranging from January 1, 2013 to
August 1, 2023

Publication date was determined
by authors during screening

U.S. institutions Institutions of secondary (high school)
or higher education (college,
university, etc.) located in the United
States

Location was determined by
authors during screening

Figure 2
Search Query Criteria

“equitable design” OR “socio-technical design” OR “sociotechnical design” OR “socio technical design” OR “socio-cultural
design” OR “sociocultural design” OR “socio cultural design” OR “inclusive design” OR “empathy led design” OR
“empathy-led design” OR “human-centered design” OR “human centered design” OR “socio-technical thinking” OR
“sociotechnical thinking” OR “socio technical thinking” OR “socio-cultural thinking” OR “sociocultural thinking” OR “socio
cultural thinking”
AND
“engineering education” OR “computer science education” OR “CS education” OR ((“engineering” OR “computer science” or
“cs”) AND education)
AND
“engineering course” OR “engineering class” OR “engineering seminar” OR “design workshop” OR “design course” or
“design class” OR “design seminar” OR “course” OR “class” OR “workshop” OR “seminar”
AND
“college” OR “university” OR “post-secondary” OR “postsecondary” OR “post secondary” OR “higher education” OR
“graduate” OR “graduate education” OR “graduate school” OR “tertiary education” OR “pre-college” OR “precollege” OR
“pre college” OR “secondary level” OR “secondary school” OR “secondary education”OR “high school”

Stage 3: Study Selection
We employed a three-screening cycle structure to select the studies: (1) title screening,

(2) abstract screening, and (3) full-text screening. The research team reviewed, revised, and
reached agreement on the inclusion and exclusion criteria before each screening cycle. The
reviewers' conclusions were guided by iterative and critical reflection at each level of the
screening process. A screening tool was created to standardize study selection within the
research team using the inclusion and exclusion criteria. Members of the study team were then
randomly assigned publications to review. During the review, team members noted if the study
would be included in the next screening cycle and, if not, the reasons why (defined by the
inclusion criteria that were not met). 15 publications remained after completing the three
screening cycles. Figure 3 further details the identification process for studies.
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Figure 3
PRISMA Flow Diagram for Reporting Scoping Reviews (Page et al., 2021)

Results
This section describes the themes that emerged from the analysis of the fifteen papers

included. The research team identified three main themes among the selected papers: Level of
Intervention, Intervention Challenges, and Approach. This paper focuses on the themes of Level
of Intervention and Intervention Challenges. Both themes are further discussed below.

Level of Intervention
The Level of Intervention refers to the level at which the intervention was implemented

and reported. This literature review classified the intervention levels in the classroom,
curriculum, or external. Table 3 presents the papers sorted by type of intervention. The classroom
level consisted of changes, updates, or new approaches that aimed to improve a single course.
Ten of the fifteen papers included focused on describing a classroom intervention. The classroom
level offers information that can support other instructors in ideating and designing changes in
the teaching approach of a course, strategies to assess students' socio-technical skills, or new
courses. On top of that, the classroom-level intervention papers added to the discussion
descriptively, having in common the development of students’ interdisciplinary skills, criticality,
and understanding of engineering political and social impact.

Although they are presented as case studies and semi-guides for other instructors
interested in the topic, classroom-level intervention reports do not address the necessary systemic
change in engineering. For example, Hoople et al. (2020) discussed the importance of reorienting

https://www.zotero.org/google-docs/?j69umH
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their course to a culturally relevant approach and highlighted the need for an integrated, holistic
effort to change engineering education from a technocratic model to a socio-technical paradigm.
They call attention to the hyperfocus engineering puts on traditional scientific discourse, which
thereby excludes the alternative discourse of inclusivity through the myth of neutrality (Holly &
Masta, 2021).

Two of the selected papers described interventions at the curricular level. The
curriculum-level intervention consisted of papers that described and discussed the creation of
new programs or changes in an existing engineering curriculum. Curriculum interventions allow
learners to engage with equitable design pedagogy over time and in different approaches. The
over-time experience allows students to understand that equitable design is not a single concept
in a one-time course. It is embedded in engineers' professional life and is reflected in multiple
aspects of engineers' social roles. Moreover, equity and social justice engineering curricula may
foment a culture that welcomes differences, as Rossmann et al. (2020) reported. The authors
identified that their program, designed to develop engineering socio-technical skills, had more
gender and ethnic diversity in the student population than other engineering programs in the
same institution.

The third intervention category was external, which encompasses papers that describe the
implementation of workshops, external project grants, and external professional development to
help students, faculty, or staff apply equitable design. Similarly to classroom intervention,
external intervention is offered on a one-time basis. Still, they play an introductory role to faculty
and practitioners who were never exposed to the idea of integrating social justice thinking in the
design process.

Table 3
Level of Interventions Included in ScLR

Level of Intervention Articles Cited

Classroom Brinkley, 2020; Brinkley et al., 2021; Claussen et al., 2019; D’Souza, 2017; Forbes et al.,
2022; Hoople et al., 2020; Leydens et al., 2018; Motti & Dura, 2023; Murdock et al.,
2023; Oleson et al., 2023

Curriculum Reynante, 2022; Rossmann et al., 2020

External Gale, 2022; Kang et al., 2022; Letaw et al., 2022

Challenges with Intervention
Throughout the articles, authors discussed seven main challenges when integrating

equitable design concepts into their workshops, courses, or programs: (1) curriculum integration,
(2) faculty development, (3) assessment and evaluation, (4) student engagement and motivation,
(5) prior experience, (6) long-term impact, and (7) addressing societal challenges (Table 4).
During curriculum integration, faculty encountered challenges incorporating new,
interdisciplinary concepts into their existing curricula, namely topics on ethics, social justice,
accessibility, and sustainability (Forbes et al., 2022; Hoople et al., 2020; Letaw et al., 2022;
Motti & Dura, 2021; Rossmann et al., 2020). Engineering education has continued to face
difficulty in striking a balance between technical and non-technical components. While the
significance of sociotechnical factors is becoming more widely acknowledged, faculty still noted

https://www.zotero.org/google-docs/?EtBQZD
https://www.zotero.org/google-docs/?EtBQZD
https://www.zotero.org/google-docs/?qMW8KO
https://www.zotero.org/google-docs/?qMW8KO
https://www.zotero.org/google-docs/?qMW8KO
https://www.zotero.org/google-docs/?9T9ObZ
https://www.zotero.org/google-docs/?qmOzfj
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their challenges in figuring out how to successfully infuse these aspects without diluting
engineering's core technical components (Claussen et al., 2019; Forbes et al., 2022; Gale, 2022;
Hoople et al., 2020).

Relatedly, articles also spoke about obstacles faced in preparing and empowering faculty
to effectively teach equitable design concepts (Claussen et al., 2019; Letaw et al., 2022; Motti &
Dura, 2021). This includes the need to equip faculty with the necessary knowledge about
equitable design and teaching strategies to support such learning. A recurring theme was the
need to motivate and prepare instructors to teach relatively new concepts like ethics,
accessibility, inclusive design, and sociotechnical thinking (Claussen et al., 2019; Letaw et al.,
2022; Motti & Dura, 2021). Faculty development programs are essential in supporting faculty to
confidently and effectively teach equitable design (Huerta et al., 2022; Tinnell et al., 2019).
There was a recognition that faculty may face resistance within established engineering
education programs when challenging the status quo. Challenging personal and institutional
biases are and will continue to be a significant barrier (Hoople et al., 2020; Letaw et al., 2022).

Table 4
Challenges Faced During Intervention Integration

Challenges Faced Articles Cited

Curriculum
Integration

Integration of new concepts Forbes et al., 2022; Hoople et al., 2020; Letaw et al., 2022;
Motti & Dura, 2021; Rossmann et al., 2020

Balancing between technical
and non-technical aspects

Claussen et al., 2019; Forbes et al., 2022; Gale, 2022;
Hoople et al., 2020

Student Engagement
and Motivation

Relevance and engagement Claussen et al., 2019; D’Souza, 2017; Forbes et al., 2022;
Kang et al., 2021; Letaw et al., 2022; Motti & Dura, 2021;
Murdock et al., 2023; Reynante, 2022; Rossmann et al.,
2020

Shifting student motivations Brinkley et al., 2021; D’Souza, 2017; Gale, 2022; Kang et
al., 2021; Murdock et al., 2023; Oleson et al., 2023

Faculty Development
Preparing faculty Claussen et al., 2019; Letaw et al., 2022; Motti & Dura,

2021

Overcoming resistance Hoople et al., 2020; Letaw et al., 2022

Assessment and
Evaluation

Hoople et al., 2020; Letaw et al., 2022; Reynante, 2022

Prior Experience D’Souza, 2017; Gale, 2022; Kang et al., 2021; Motti &
Dura, 2021

Long-term Impact Forbes et al., 2022; Hoople et al., 2020; Motti & Dura, 2021;
Murdock et al., 2023; Oleson et al., 2023; Reynante, 2022;
Rossmann et al., 2020

Addressing Societal
Challenges

Claussen et al., 2019; Hoople et al., 2020; Motti & Dura,
2021; Murdock et al., 2023; Rossmann et al., 2020

https://www.zotero.org/google-docs/?jv7xm4
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From a curricular perspective, there is a growing need to assess and evaluate the
effectiveness of educational interventions, teaching methods, and curriculum changes around
teaching equitable design (Hoople et al., 2020; Letaw et al., 2022; Reynante, 2022). This
includes measuring student outcomes, understanding the impact of educational initiatives, and
developing suitable assessment tools. Several articles discuss the challenge of assessing and
evaluating the effectiveness of educational interventions, including developing appropriate
assessment methods for topics like ethics and inclusive design (Hoople et al., 2020; Letaw et al.,
2022; Reynante, 2022), as well as measuring long-term impact (e.g., Murdock et al., 2023;
Oleson et al., 2023). Additionally, some articles mentioned the potential sustainability of their
initiatives (e.g., Letaw et al., 2022; Reynante, 2022). Many of the courses or workshops were
small-scale, thus raising concerns about the feasibility of implementing their interventional
approach on larger scales (e.g., program-wide) (e.g., Forbes et al., 2022; Gale, 2022; Hoople et
al., 2020).

The articles voiced challenges related to maintaining and enhancing student engagement
and motivation throughout the learning process (Brinkley et al., 2021; Claussen et al., 2019;
D’Souza, 2017; Forbes et al., 2022; Gale, 2022; Kang et al., 2021; Letaw et al., 2022; Motti &
Dura, 2021; Murdock et al., 2023; Oleson et al., 2023; Reynante, 2022; Rossmann et al., 2020).
These articles addressed factors that may have contributed to students’ boosted or lessened
enthusiasm for the subject matter. Across several articles, authors expressed challenges around
keeping students engaged and motivated, particularly when teaching abstract or seemingly less
relevant topics like ethics and socio-technical aspects of engineering (Claussen et al., 2019;
D’Souza, 2017; Forbes et al., 2022; Kang et al., 2021; Letaw et al., 2022; Motti & Dura, 2021;
Murdock et al., 2023; Reynante, 2022; Rossmann et al., 2020). Including real-world applications,
team projects with students across disciplines, hands-on experiences, and structured discussions
related to current societal issues in a course were noted as strategies that enhanced student
motivation around learning equitable design concepts (e.g., Gale, 2022). Other articles
mentioned a recognized challenge around managing students’ changing motivations. Initially,
students may be motivated by societal impact, but they can shift their focus to technical
challenges, assignment completion, deadlines, and grades in the course (Brinkley et al., 2021;
D’Souza, 2017; Gale, 2022; Kang et al., 2021; Murdock et al., 2023; Oleson et al., 2023).
Relatedly, there was a recognized need to acknowledge and accommodate the educational
backgrounds of engineering students. Students from backgrounds such as computer science,
human factors, human systems engineering, industrial engineering, or ergonomics may have
more prior knowledge of equitable design concepts (D’Souza, 2017). Articles highlight the
criticality of creating inclusive learning environments that accommodate students from varying
levels of prior knowledge, different educational backgrounds, and confidence in the subject
matter (e.g., Claussen et al., 2019, D’Souza, 2017; Motti & Dura, 2021).

Many of these articles were one-time interventions (e.g., workshop, course) (e.g., Gale,
2022; Motti & Dura, 2021; Murdock et al., 2023). A noted challenge with these interventions
was ensuring lasting influence on students’ perspectives, values, and behaviors around equitable
design throughout their academic and professional careers. Articles emphasize the challenge of
fostering long-term impact on students regarding their care for, knowledge of, and applications
of equitable design (Forbes et al., 2022; Hoople et al., 2020; Motti & Dura, 2021; Murdock et al.,
2023; Oleson et al., 2023; Reynante, 2022; Rossmann et al., 2020). Understanding how
engineering education shapes students' professional identities and ethical practices over time is a
critical challenge. On a meta-level, there were recognized challenges in adapting engineering
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education to align with the evolving needs and expectations of society. This includes addressing
contemporary global challenges, such as sustainability, social justice, accessibility, and ethical
considerations, within educational curricula (Claussen et al., 2019; Hoople et al., 2020; Motti &
Dura, 2021; Murdock et al., 2023; Rossmann et al., 2020). Aligning engineering education with
pressing societal needs and expectations is a common concern (Claussen et al., 2019; Hoople et
al., 2020; Motti & Dura, 2021; Murdock et al., 2023; Rossmann et al., 2020).

Limitations
In being a preliminary exploration of our research question, this study has its limitations.

First and foremost, the decisions taken during the second and third phases of the ScLR protocol
served to filter literature that might have been relevant to our research question. Decisions such
as keeping to literature and associated interventions grounded in a U.S. context (and written in
the English language) might have filtered out successful pedagogical trends in use in other
countries. Another limitation is found in one of the central problems surrounding the teaching of
equitable design, i.e., the lack of a golden standard of equitable design practices in the
engineering discipline. This gave our ScLR an added level of difficulty when searching for
equitable design practices, as not all programs or faculty define these practices in the same
manner. While this was overcome through a thorough search query that included various terms
related to equitable design (see Figure 2), some studies might have escaped our search due to a
difference in terminology. Finally, the lack of documentation of effective and efficient teaching
practices to teach human-centered design poses a problem for a study of this kind. While faculty
and practitioners may be creating curricula, course modules, and spaces that enable students to
learn and practice equitable design, it is possible that they are not documenting these processes
due to their institutional views on what constitutes research in engineering, ironically harking
back to the preference for more technical problem-solving in engineering.

Implications and Future Work
Teaching equitable design in engineering challenges the historical paradigm of

engineering as a neutral discipline. As Morgan et al. (2020) discussed, topics such as politics and
social issues are situated on the periphery of engineering. Engineering curriculum traditionally
offers socio-technical thinking development as specific courses instead of as a component
integrated into the curriculum. Such a structure delegitimizes the technocentric approach of
engineering education and thus hinders the development of diverse and inclusive engineering
solutions. The papers selected for this ScLR illustrate the efforts that educators and groups of
researchers are performing to support a future of engineers equipped with critical thinking and
socio-technical skills. A small body of research currently exists regarding the long-term impacts
of these interventions, which offers the opportunity for future projects to investigate and
understand the impact of student participation in equitable design interventions.

Our ScLR revealed that engineering faculty may have challenges when planning and
implementing equitable design teaching interventions. As higher education institutions seek to
diversify their population and graduate professionals able to address the changing landscape of
global issues, they must equip their faculty with the tools to continually integrate critical social
reflection into their teaching. Faculty must also be supported in the process of implementing
those innovations in their courses and curricula. Since students may not be used to integrating
social reflection in the design process, course evaluations can be impacted negatively. Further
investigation into ways to reduce potential students' resistance to equitable design teaching
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should be developed. An example is provided by Tharayil et al. (2018), who compiled classroom
strategies to mitigate students' resistance to active learning. Future work should address ways of
assessing and evaluating equitable design implementation.

Teaching equitable design requires clear and specific learning objectives to help students
and faculty assess the desired skills development. One of the challenges reported by the papers
was the lack of validated instruments to assess the competencies related to equitable design. In
this regard, future work should address what core competencies and skills engineering students
should acquire with equitable design interventions. Relatedly, future work may seek to
understand how to effectively assess those competencies and skills (i.e., formatively and
summatively). Such a set of instruments will help orient the future development and integration
of socio-technical perspectives into engineering curricula.

Conclusion
This paper elucidated the growing number of faculty and practitioners working to

integrate equitable design concepts into their engineering courses. Through such integration, they
are helping students break away from the traditional engineering design process and obtain a
more holistic view of their role as engineers and designers of the world surrounding them. The
results of this study can help inform faculty, practitioners, and students who are considering or
are in the process of adding equitable design practices to their courses or seeking to impact their
engineering curriculum. Similarly, directions for future work include researching the long-term
impact of students’ participation in equitable design interventions, defining and outlining
equitable design core competencies, and developing assessment methods to guide the integration
of equitable design perspectives in engineering curricula.
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