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organizations. These interventions yielded three primary outcomes: cultivating
community cultural wealth (navigational, social, aspirational, familial, resistance,
and linguistic capital), fostering inclusive engineering identities characterized by
heightened awareness of systemic barriers, and improving belonging, professional
identity, and persistence intentions. Identity-matched mentorship and participation
in identity-based organizations significantly enhanced retention among women
and underrepresented minority students. However, findings reveal a persistent gap
between students’ awareness of inequities and their translation of this knowledge
into equitable practice. We conclude that isolated interventions are insufficient;
inclusive curricula must be integrated longitudinally across engineering education.
Future research should employ rigorous mixed-methods designs with larger samples
to establish efficacy and facilitate replication.
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1 Introduction

As engineers design solutions for an increasingly diverse global population, the need for
a workforce that reflects this diversity has never been more urgent [58]. Yet students
from historically underserved communities remain significantly underrepresented
in engineering programs (National Center for Educational Statistics, n.d.) [60] not by

accident, but by design: systemic barriers including stereotyping, discrimination, and
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exclusionary classroom cultures persistently drive attrition [15, 47, 48, 53, 54, 55, 66].
These barriers compound for students navigating intersecting identities, who frequently
face pressure to compartmentalize aspects of themselves to gain acceptance within engi-
neering culture [47, 66]—a dynamic that undermines both belonging and persistence.

A growing body of research suggests that inclusive curricular interventions and peda-
gogy can meaningfully address these inequities [30, 41, 57, 88, 90]. We define inclusive
curriculum broadly to encompass not only full-scale redesigns but also discrete instruc-
tional interventions, teaching strategies, and educational modules that make content,
pedagogy, and assessment more accessible and responsive to all students [74]. In engi-
neering specifically, such interventions—whether a targeted module or a course-long
strategy—have been shown to foster belonging, mitigate stereotype threat, and affirm
student identity [30, 47, 57, 88].

Despite this growth, the field lacks a systematic synthesis of which curricular and
pedagogical interventions are most effective, for whom, and under what conditions.
This review addresses that gap directly. Drawing on 40 peer-reviewed studies published
between 2000 and 2024, we identify inclusive practices with the strongest empirical sup-
port, explain how interventions function within instructional and assessment systems,
and highlight recurring methodological limitations that limit conclusions. Our aim is to
provide researchers and practitioners with an evidence-based roadmap for improving
equity, representation, and persistence across undergraduate engineering programs.

2 Background

2.1 Inclusive pedagogy

Inclusive pedagogy employs instructional strategies to support all students, thereby cre-
ating an environment in which every individual feels valued [23]. For instance, instruc-
tors often use Universal Design for Learning (UDL), a framework for creating flexible
experiences that accommodate diverse learners [63]. UDL provides multiple means of
engagement, representation, and action [9], enabling students to interact with the mate-
rial in ways that align with their strengths. By proactively embedding flexibility, UDL
ensures accessibility without requiring retrofitting [33].

Another example of inclusive pedagogy is Culturally Responsive Teaching (CRT). CRT
draws on students’ diverse cultural knowledge to make learning relevant [27]. Moving
beyond mere acknowledgement, CRT intentionally integrates cultural assets into the
curriculum [1]. This validation fosters critical awareness of social inequities Ladson-Bill-
ings, [42]. Ultimately, bridging home cultures and academia increases engagement and
improves outcomes for underserved populations [27, 43].

Equity-focused pedagogy offers another approach to inclusive teaching. Unlike equal-
ity-based models that treat all students the same, equity-focused pedagogy recognizes
that students require different levels of support based on their preparation and privilege
[4]. Differentiated instruction reflects this principle by tailoring strategies to individual
needs [78], but equity-focused pedagogy goes further, addressing systemic barriers and
remedying structural injustices rather than focusing solely on individual accommoda-
tion [32].

Inclusive pedagogy also aligns with student-centered learning, which shifts focus to
students’ active construction of knowledge (see [89]). Student-centered approaches val-
idate diverse backgrounds by encouraging students to integrate lived experiences and
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exercise autonomy over their learning [46]. This emphasis on agency cultivates academic
ownership and intrinsic motivation, deepening student engagement [3, 68].

Central to inclusive pedagogy is the creation of a culture of belonging and psycho-
logical safety [24]. Instructors foster this culture by establishing respectful norms and
mitigating bias. Psychological safety—a shared belief that risk-taking is welcome—
encourages students to voice ideas without fear of judgment [22], reinforcing active par-
ticipation and academic self-efficacy [91].

2.2 The need for inclusive pedagogy in engineering

Persistent disparities in student retention and graduation rates underscore the need for
inclusive pedagogy in engineering education. Historically, engineering programs have
relied on a “weed-out” culture characterized by high-stakes testing, rigid curricular
structures, and a meritocratic ideology that assumes student attrition is solely a func-
tion of individual ability rather than environmental factors Seymour & Hunter, [71]. This
traditional pedagogical approach disproportionately affects students from historically
underserved communities, including women, students of color, and first-generation col-
lege students, who often leave the major not due to a lack of academic competence, but
fails to validate their identities or support their learning needs [28]. Consequently, the
exclusive nature of traditional engineering instruction perpetuates a homogeneity in the
field that stifles innovation and limits the profession’s ability to address complex, global
challenges [59].

Furthermore, the disconnect between engineering coursework and the lived reali-
ties of diverse student populations impedes the development of professional identity.
Research indicates that underrepresented students are more likely to persist when they
can perceive the social relevance of engineering and connect their technical work to
community impact [52]. Inclusive pedagogy addresses this by shifting the educational
focus from a deficit model—which attempts to “fix” the student to fit the system—to
a structural model that adapts the learning environment to welcome diverse perspec-
tives [72]. By integrating culturally relevant examples and fostering psychological safety,
inclusive pedagogy provides the scaffolding for all students to develop an engineer-
ing identity, thereby transforming the classroom from a gatekeeper into a gateway to a
diverse technical workforce.

2.3 Operationalizing belonging in engineering education

Sense of belonging is multidimensional and inconsistently defined, shaping how findings
are interpreted and compared. In the psychological tradition, belonging refers to feeling
accepted and valued within an academic community [31, 84]. Interventions in this vein,
such as social affirmations and ecological belonging exercises, aim to reshape students’
interpretations of challenge, normalize struggle, and reduce isolation [29, 85].

A complementary institutional tradition draws on Tinto’s [80] model of academic and
social integration, framing belonging as engagement with an institution’s intellectual
and social systems. Here, belonging is inferred from behavioral indicators and outcomes
(e.g., participation in campus organizations, faculty interaction, academic performance)
that are more directly tied to persistence and departure. Several studies in this review
adopt this lens when examining professional engineering organizations and mentorship
programs as supports for underrepresented students’ institutional integration [15, 73].
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A third lens, Schlossberg’s [69] theory of mattering and marginality, emphasizes
whether students feel noticed, affirmed, and valued—experiences that may be especially
salient for those with intersecting marginalized identities. This framework is useful for
interpreting mentorship and professional organization findings, where students describe
being actively recognized and affirmed within a professional community rather than
simply included [34, 64].

Across the 40 studies reviewed, these traditions are often blended without explicit
framing. Operationalizations, therefore, vary widely—from validated psychological
scales to qualitative accounts to institutional persistence data—limiting direct cross-
study comparison and constituting a key methodological finding.

2.4 Professional identity in engineering

Professional identity is the extent to which an individual internalizes a professional role
as central to their self-concept and is a critical determinant of persistence in engineering
[37]. Drawing on identity theory [13, 76], researchers conceptualize engineering identity
as hierarchically organized. When “being an engineer” is central to students’ identities,
they are more likely to seek mentorship, participate in professional organizations, and
persist despite academic setbacks.

Complementing this psychological perspective, Wenger’s [87] Communities of Prac-
tice framework situates identity development as an inherently social process. Rather
than residing solely within the individual, professional identity emerges through legiti-
mate peripheral participation—that is, the gradual, supported movement from novice
to full member of a practice community. In engineering education, this framework helps
explain why interventions such as identity-based professional organizations, peer men-
torship, and collaborative design projects are particularly effective for underrepresented
students, as they provide structured pathways for participation in communities where
students can see themselves reflected and valued [67, 73].

The intersection of these frameworks is especially relevant for historically underserved
students, who must negotiate engineering identity while navigating environments that
historically have not affirmed their membership [47, 53]. Inclusive curricular interven-
tions, in this light, serve not merely as pedagogical accommodations but as identity-
affirming structures that reshape the community of practice itself. Tripon, [81] further
illustrates how service-learning and community-engaged approaches can support this
identity development by connecting students’ professional formation to broader societal
purposes, including equity and sustainability.

2.5 Critical race theory and asset-based frameworks

This review was informed by Critical Race Theory (CRT) in education and its asset-
based extensions. CRT positions race and racism as enduring structural features of edu-
cational institutions, challenges hegemonic claims of meritocracy and colorblindness,
and legitimizes the experiential knowledge of historically marginalized communities as
an analytic foundation [44, 75]. In engineering education, these tenets are directly rel-
evant. The field’s meritocratic ideology has been well-documented as a mechanism that
naturalizes exclusion by attributing attrition to individual deficits rather than structural
conditions [72].



Heller et al. Discover Education (2026) 5:353 Page 5 of 20

Building on CRT, Yosso’s (2005) Community Cultural Wealth (CCW) framework rep-
resents a foundational asset-based approach that explicitly rejects deficit thinking — the
tendency to evaluate underrepresented students against a white, middle-class normative
standard and to frame their experiences in terms of what they lack [83]. Instead, CCW
identifies six forms of capital (i.e., navigational, social, aspirational, familial, resistance,
and linguistic) that students from marginalized communities develop precisely because
of, not despite, their lived experiences. We position inclusive engineering curricula not
as remediation for underprepared students but as structures that recognize, activate,
and amplify the assets students already possess. This reframing has significant implica-
tions for how engineering educators design interventions and for how researchers mea-
sure their effects.

3 Methods

The goal of this review was to evaluate the effectiveness of inclusive curricular interven-
tions and pedagogy in undergraduate engineering. Specifically, this study addresses the
following research questions:

RQ1: What curricular interventions and pedagogical strategies are instructors imple-
menting in undergraduate engineering programs to increase inclusivity?

RQ2: How do these interventions influence undergraduate engineering students’ sense
of belonging, professional identity, and intentions to persist?

3.1 Search strategy and data collection

We conducted a comprehensive search of Google Scholar, ERIC, and PsycNet for peer-
reviewed articles published between 2000 and 2024. We employed a search string utiliz-
ing Boolean operators to combine the following terms: “inclusive” AND “undergraduate”
AND “engineering” AND “curriculum” AND “belonging” AND “identity” AND “persis-
tence” AND “intervention” This initial search yielded 26,900 results.

3.2 Screening and inclusion criteria

We applied a multi-stage screening process to narrow the results. First, we filtered for
articles with “engineering” in the title, reducing the pool to 70. We then screened titles
and abstracts using the following inclusion criteria: studies must (a) address inclusive
curriculum for undergraduate engineering students (or use synonymous terms) and (b)
report empirical results on curricular effectiveness. This process yielded a final sample of
40 studies.

3.3 Data analysis

Two researchers analyzed the final sample using thematic analysis across two cod-
ing cycles. In the first cycle, we assigned descriptive codes to each article for curricu-
lum type, student outcomes, and participant demographics. In the second cycle, we
grouped these codes to identify patterns across curricular types and outcomes, allowing
overarching themes to emerge. The coders met to discuss differences until reaching a

consensus.
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Table 1 Common goals and approaches of inclusive curriculum in undergraduate engineering
education
Theme statements

Theme 1: Personal connections to the curriculum

Inclusive curricula foster personal connections to engineering by anchoring technical content in diverse
representation and cultural relevance, thereby allowing historically underrepresented students to visualize
themselves within the profession.

Theme 2: Pedagogical methods

Shifting from traditional, rote instruction to student-centered and collaborative pedagogies reinforces profes-
sional identity and engagement, particularly for women and students of color, by validating diverse approaches
to problem-solving.

Theme 3: Cultivating collective responsibility and inclusivity

Curricula that explicitly establish inclusive norms and heighten social awareness—specifically regarding dis-
ability and global diversity—empower students to move beyond passive empathy toward active identification
and remediation of barriers.

Theme 4: Increasing access

Dismantling structural and resource-based barriers—through holistic admissions, financial support, and
specialized research opportunities—broadens participation and allows neurodiverse and underrepresented
students to engage with engineering as autonomous, creative scholars.

Theme 5: Empowering thoughtful action through introspection and analysis

Curricula utilizing introspection and liberative pedagogies cultivate student agency, enabling learners to
reframe resistance as a positive tool for critiquing societal inequities and challenging the “myth of objectivity”in
engineering.

Theme 6: Changing the narrative around belonging

Interventions that reframe non-belonging as a transient, collective experience rather than a personal deficit
significantly improve persistence and confidence by normalizing struggle and integrating personal values into
engineering identity.

Theme 7: Professional engineering organizations and professional development

Participation in identity-based Professional Engineering Organizations (PEOs) is a critical curricular component
that provides representation, professional skill acquisition, and a protective community for students navigating
intersectional barriers.

3.4 Findings

3.4.1 RQ1: What curricular interventions and pedagogical strategies are instructors
implementing in undergraduate engineering programs to increase inclusivity?

Our analysis identified seven main themes about curricular interventions and pedagogi-
cal strategies used to increase inclusivity in undergraduate engineering programs. While
some studies described comprehensive curricular redesigns, most interventions con-
sisted of specific instructional strategies or modules integrated into existing courses (see
Table 1). Each theme is described in more detail below.

3.5 Theme 1: personal connections to the curriculum

Multiple studies found that inclusive curricula foster personal connections between stu-
dents and engineering content [6, 10, 17, 21, 35, 56, 64, 77]. Instructors achieved this
primarily through representation and cultural relevance.

Several studies integrated representation directly into course materials by highlighting
contributions of individuals from diverse backgrounds [6, 79] or using media to explore
engineering demographics [17]. For example, Benson et al. [6] and Szczesny et al.[77]
both implemented modules focused on broadening representation, though with differ-
ent emphases. Benson et al.,, focused on the historical contributions of underrepresented
groups, whereas Szczesny et al., addressed implicit bias and racial and gender inequal-
ity. Building on earlier work [17, 18] engaged students with socially relevant material,
including an analysis of a speech on NASA’s demographic composition and a reflection
on the film Hidden Figures. Other interventions incorporated representation through
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design projects centered on customers with disabilities [19, 50, 61]. Researchers also
found that allowing students to select their own project topics strengthened connections
between their cultural backgrounds and the curriculum [10, 56].

Beyond course content, mentorship emerged as a key strategy for helping underrep-
resented students see themselves as engineers [21, 64]. Dennehy and Dasgupta, [21]
found that female peer mentors significantly improved women’s sense of belonging, self-
efficacy, career aspirations, and retention, while mitigating feelings of threat. Similarly,
Rayford et al. [64] reported that mentoring programs positively affected Latino students’
sense of belonging.

3.6 Theme 2: pedagogical methods

The second theme focused on pedagogical methods, specifically on interventions that
improved student-centered learning and collaborative group work. Student-centered
approaches included creative assignments without traditional grading [34], project-
based learning [10], design thinking [67], and strengths-based projects [20, 56]. Collab-
orative strategies included cooperative learning [86], peer-led team learning [51], and
structured group activities [82].

Several studies illustrated the nuances of these approaches. Motaref [56] combined
strengths-based projects with real-world examples in a mechanics of materials course
designed to support neurodivergent students. The intervention improved belonging,
engagement, participation, and conceptual understanding across the full cohort. How-
ever, the absence of disaggregated data for neurodivergent students made it difficult to
assess the intervention’s specific impact on that population.

Rodriguez et al., [67] used case studies to examine how design thinking influenced
engineering identity in computer, electrical, and software engineering programs. Among
21 participants, 12 of whom were from historically marginalized groups, the approach
reinforced engineering identity, particularly for women and students of color. Partici-
pants noted that traditional coursework often felt rote and linear, lacking opportunities
for creative design. However, the authors cautioned that prior experiences of marginal-
ization might lead some students to avoid teamwork, potentially limiting the benefits of

collaborative design activities.

3.7 Theme 3: cultivating collective responsibility and inclusivity

The third theme focused on cultivating collective responsibility by increasing social
awareness [6, 7, 49, 50, 62, 77] and establishing inclusive cultural norms within class-
rooms, programs, and campuses [2, 5, 17, 82]. One impactful approach was to use study
abroad programs to foster these competencies. Rahhal and Ayllon. [62] investigated a
diversity and inclusion-oriented curriculum in short-term study-abroad courses. They
found that this curriculum not only increased the participation of women and tradition-
ally underrepresented students but also enhanced students’ cultural competence and
confidence in discussing diversity and inclusion.

Other studies specifically targeted awareness regarding people with disabilities. Ludi
et al. [50] tested interventions to improve accessibility awareness, comparing approaches
such as lectures and design projects with direct interaction and collaboration with team-
mates with disabilities. They concluded that “interventions that lead to first-hand inter-

action or increased empathy with technology users with disabilities may help students go
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from noticing a barrier to taking steps to address it” (p. 722). Similarly, Newell et al., [61]
integrated disability studies into engineering through an Engineering for Development
(E4D) service course. By utilizing lectures and discussions on accessibility, mobility,
and assistive technology, the course assessed students’ ability to synthesize engineering
design principles while respecting the autonomy and perspectives of disabled technol-

ogy users.

3.8 Theme 4: increasing access

The fourth theme focused on interventions designed to broaden entry into engineering
programs [36], improve access to resources [21, 25, 26, 45], and expand research oppor-
tunities [34]. Resource-related interventions included financial support such as scholar-
ships [11], mentorship programs [21, 25, 26, 64], and approachable office hours [45].

For instance, in one study, Hain et al. [34] developed a specialized research experi-
ence for students with ADHD that provided mentorships, workshops, and roundtable
discussions tailored to participants’ strengths and needs. Beyond expanding access,
the program employed alternative pedagogical approaches that allowed students to see
themselves represented among peers. Participants valued the high degree of creativity
and autonomy, specifically citing opportunities to solve open-ended problems with-
out prescribed instructions, move physically while working, and make mistakes in an
ungraded setting.

In another study, Hartman et al., [36] modified admissions standards to foster a
more inclusive student body through holistic reviews that considered applicants’ resil-
ience, socioeconomic status (as indicated by participation in the free lunch program),
and GPA. These structural changes produced significant demographic shifts: underrep-
resented minority enrollment increased from 25% to 44%, and female enrollment rose
from 14% to 29%.

3.9 Theme 5: empowering thoughtful action through introspection and analysis

The next theme focused on curriculum and instructional interventions designed to
empower students through introspection, develop student agency [70], and encourage
critical thinking and reflection [2, 7, 49, 61, 62, 65]. These studies highlighted curriculum
and instructional strategies that included journaling, meta-level thinking, and reflective
identity exercises.

Secules et al., [70] positioned agency as a mechanism to resist oppression, enabling
students to control the narrative of their marginalization. Through a case study of an
Asian woman in engineering, the authors found that the participant enacted agency
through reflective dialogue. The researchers characterized her narrative as one of vul-
nerability rather than low self-efficacy, arguing that expressing vulnerability creates
space to acknowledge difficult emotions while constructing logical critiques. Although
she initially feared judgment regarding her cultural background and familial pressures,
the interviewer’s non-judgmental approach allowed her to navigate these tensions inde-
pendently. This introspective process contributed to her persistence, helped her estab-
lish her place in the field, and motivated her to advocate for other students.

Drawing from liberative pedagogies, Riley and Claris [65] argued that student resis-
tance can be a positive element of empowerment. They employed a multimodal curricu-
lum that altered seating arrangements to shift power dynamics, reframed mistakes as
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learning opportunities, and decentered Western, male-dominated perspectives. Central
to their approach was encouraging epistemic transformation—helping students rec-
ognize that the scientific method is not the sole source of reliable knowledge. The cur-
riculum also emphasized praxis by having students apply thermodynamic concepts to
societal issues. Through this work, the researchers identified multiple forms of engage-
ment, including critical reflection, resistance to responsibility, and interdisciplinary
thinking.

3.10 Theme 6: changing the narrative around belonging

This theme focused on curricular interventions and instructional strategies designed to
normalize feelings of struggle and non-belonging and to integrate personal values into
engineering identity [29, 85]. Supporting strategies included fostering a growth mind-
set [8, 82] and reframing mistakes as learning opportunities [65]. A common approach
involved sharing narratives of past students to normalize current students’ experiences
[29, 85].

In one study, Walton et al,, [85] demonstrated the impact of reframing belonging for
female students through two interventions. The first, a social belonging intervention,
normalized non-belonging as a common, transient experience in engineering. The sec-
ond, an affirmation training intervention, equipped students with coping mechanisms to
manage stress related to marginalization using a “saying is believing” approach in which
students wrote letters to future students describing how integrating personal values into
their engineering work helped them manage stress.

In another study, Godwin et al., [29] describe the implementation of an ecological
belonging intervention designed to normalize adversity and emphasize its surmountabil-
ity. The instructor explicitly described common challenges, after which students wrote
about their own struggles and engaged with stories from past students. Compared with a
control group (n = 265), this approach significantly improved students’ sense of belong-
ing and odds of passing the course while reducing isolation and boosting confidence.

3.11 Theme 7: Professional engineering organizations and professional development

This theme captured curricular interventions emphasizing professional skill acquisition
[12, 25] and participation in professional engineering organizations [15, 14, 73]. Inter-
ventions in this area often targeted communication skills and encouraged engagement
with identity-based or major-specific organizations. This theme frequently overlapped
with representation, as many such organizations are explicitly designed to support spe-
cific demographic groups.

Campbell-Montalvo et al., [15] and Smith et al., and [73] examined the impact of orga-
nizations such as the Society of Women Engineers (SWE), the National Society of Black
Engineers (NSBE), and the Society of Hispanic Professional Engineers (SHPE), finding
that participation provided critical representation and support for women and under-
represented minority students. Campbell-Montalvo et al. [14] subsequently investigated
the experiences of students with intersecting marginalized identities. Surveying 477 sex-
ual minority and gender minority students—those who do not identify as heterosexual
or cisgender, respectively—the authors examined participation in groups like oSTEM
(Out in Science, Technology, Engineering, and Mathematics), SWE, NSBE, and SHPE.
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The study highlighted the unique benefits of these organizations in helping students nav-
igate barriers associated with intersecting identities in engineering.

In summary, our analysis identified seven themes characterizing inclusive curricula
in undergraduate engineering. To foster personal connections, instructors emphasized
diverse representation, cultural relevance, and identity-matched mentorship. These
efforts were supported by pedagogical methods that prioritize student-centered, col-
laborative learning, alongside interventions that cultivate collective responsibility and
awareness of accessibility. At the intrapersonal level, interventions empowered stu-
dents through critical reflection and agency while normalizing struggle and promoting
a growth mindset. Structural and professional dimensions included increasing access
through holistic admissions and leveraging professional engineering organizations to
support students with intersecting identities. Having identified what interventions are
being implemented, we now turn to how they influence students’ sense of belonging,
professional identity, and intentions to persist.

3.11.1 RQ2: How do these interventions influence undergraduate engineering students’ sense
of belonging, professional identity, and intentions to persist?

We identified the following three main themes in response to the second research
question: Cultivating Cultural Community Wealth; Inclusive Engineering Identity; and
Identity, Belonging, and Persistence. It is important to note that these are deeply inter-
connected; rather than being confined to a single theme, the data demonstrate that a
single curricular intervention often yields benefits across multiple categories of student
development simultaneously.

3.12 Theme 2.1: Cultivating community cultural wealth (CCW)

The most common theme was ‘cultivating community cultural wealth’ Inclusive curri-
cula transform students’ diverse backgrounds into professional assets, fostering the six
forms of capital needed for career success and persistence: navigational, social, aspira-
tional, familial, resistance, and linguistic.

3.12.1 Navigational capital

Inclusive curricula significantly enhanced students’ professional skills and competence
[10, 19, 25]. Professional Engineering Organizations (PEOs) like SHPE and NSBE fos-
ter these skills among women and underrepresented minority (URM) students [15, 73].
Curricula positively impact academic performance: an intervention minimized the gen-
der GPA gap [85], and an ecological belonging intervention increased the odds of pass-
ing for Black, Latinx, and Indigenous students by 80% [29]. Qualitative gains included
self-efficacy and systemic awareness, enabling students to advocate against systemic fail-
ures [10, 34].

3.12.2 Social capital

PEOs consistently provided the primary source of social capital for underrepresented
students [15, 73]. Identity-based organizations offered representation and validation.
SHPE, NSBE, and SWE provided distinct benefits, including social networking, career
opportunities for Latinx/Black students, and mentorship for women [73]. However, a
survey of 477 sexual minority (SM) and gender minority (GM) students found that GM
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students reported lower levels of community and social networking compared to their
cisgender peers [16].

3.12.3 Aspirational capital

Inclusive curricula foster aspirational capital by empowering learners and building con-
fidence, thereby encouraging “dreaming bigger” [21, 25]. This confidence increased com-
mitment to engineering and intentions to pursue graduate education [51]. For example,
women with female peer mentors maintained steady graduate school aspirations,
whereas those with male or no mentors did not [21].

3.12.4 Familial capital

Curricula built bridges between students’ cultural identities and engineering, enabling
them to leverage existing capital and select community-impacting projects [10, 67].
Marginalized students explicitly linked course material to their backgrounds [67]. SHPE
provided Latinx students with a familiar cultural environment [73]. Experiences can also
empower students to become sources of familial capital for others [70].

3.12.5 Resistance capital

Reflective curricula facilitated resistance capital, enabling students to critique and chal-
lenge educational systems [65, 70]. Fostering “narrative agency” helped students shift the
locus of causality from personal shortcomings to the engineering system [70]. This real-
ization—that difficulties stem from systemic barriers—was mirrored in studies of stu-
dents with disabilities [34, 61]. Curricula also fostered active resistance by incorporating
activism into projects [10].

3.12.6 Linguistic capital

Participants accessed linguistic capital by refining their professional communication [12,
73]. An audience-centered approach improved collaboration and professional interac-
tion [12]. PEOs developed specific employment tools: Latinx students in SHPE refined
resume skills, while Black students in NSBE developed elevator pitches [73].

3.13 Theme 2:inclusive engineering identity (IEl)
Inclusive engineering identity emerged as a distinct outcome defined by heightened
awareness of systemic barriers. It increased cultural competence, though the transition
from understanding these concepts to actively confronting inequity in design and prac-
tice varied significantly. Studies indicated that inclusive pedagogy primarily fostered IEI
by heightening awareness of the barriers faced by marginalized groups [5, 7, 50, 61, 62,
65, 73, 79, 85]. Participants frequently expressed shock regarding the lack of diversity in
the field [5, 50] and the pervasive inequities in design [18, 79]. While students gained
specific knowledge regarding racism and ableism, the translation to practice was mixed.
For instance, although students improved their understanding of accessibility codes and
expressed sympathy, many still failed to view disability as relevant to their own design
work [50, 61]. Conversely, direct exposure to feedback from disabled users did help some
students find equitable design rewarding [50].

For marginalized students, IEI was often linked to community impact. Authors
found that giving back to their communities was integral to these students’ identities,
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suggesting that a new generation of engineers may prioritize equity [7, 73]. This con-
nection was reinforced by curricula that centered on human narratives, such as design
thinking and storytelling [67].

Regarding action, results were varied. Rahhal and Ayllon. [62] found that a short-term
study abroad program significantly improved cultural competence, with students gain-
ing an average of 6.26 points on the IDI—far surpassing the typical 2.37 gain. However,
resistance persisted; Bennett and Sekaquaptewa [5] noted that while men became more
likely to confront racism, they remained hesitant to address sexism. Furthermore, some
students reacted defensively to discussions of racism in infrastructure [17]. Finally, Bou-
dreau et al. [10] found that allowing a marginalized student to choose a community-
focused project fostered inclusive design; however, this student faced harmful rhetoric
during data collection, underscoring the urgent need to protect marginalized students
engaged in equity work.

3.14 Theme 3: sense of belonging, professional identity, and persistence intentions (BIP)
The final theme of the review focuses on the direct, measured impact of inclusive inter-
ventions on three core constructs: Sense of Belonging, Professional Identity, and Per-
sistence Intentions. These studies provided both quantitative evidence (e.g., pre- and
post-survey changes) and qualitative testimonials regarding the impact on students.

3.14.1 Sense of belonging

Inclusive engineering interventions consistently improved the sense of belonging among
marginalized students and, in some cases, across the entire class cohort [11, 15, 29].
Regarding gender, mentorship, and identity-based programs proved critical. Women
with female peer mentors maintained steady belonging over time (p = 0.46), while
those with male mentors (p = 0.02) or no mentors (p = 0.007) experienced significant
decreases [21]. Similarly, women participating in a Scholars program scored higher on
belonging measures than non-participants [11], and interventions encouraged students
to view women as belonging in the engineering field [85].

For underrepresented minority (URM) students, belonging was closely tied to cul-
tural affirmation. An ecological belonging intervention significantly improved scores for
Black, Latinx, and Indigenous students compared to a control group [29]. Identity-based
Professional Engineering Organizations (PEOs) positively affected perceived fit among
women and URM students [15], with Latinx participants reporting feeling respected and
valued [64]. Research on neurodiversity further demonstrated that opportunities for stu-
dents with ADHD to participate in research enhanced their sense of belonging by coun-
tering self-doubt and connecting them with peers facing similar challenges [34].

3.14.2 Professional identity

Specific curricular strategies and opportunities actively shaped students’ professional
identity, enabling them to visualize themselves as engineers. For instance, design
thinking curricula positively influenced the engineering identity of women and Peo-
ple of Color (POC) by linking identity to interest and performance [67]. Participants
reported that external validation of their work and the integration of personal interests
enabled them to reframe their perceptions of the field. Additionally, following a stu-
dent success course, participants frequently emphasized the importance of altruistic
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motivation—specifically, giving back to their families and communities. The literature
asserts that supporting this motivation is essential for enhancing the professional identi-
ties of marginalized students [49].

3.14.3 Persistence intentions

Inclusive interventions—including gender-matched mentorship, PEOs, and special-
ized research—significantly contributed to persistence among women [21, 70], Latinx
students [73], and students with ADHD [34]. Gender-matched mentorship had a strong
impact on retention for women: 100% of those with female mentors were retained
through the first year, compared to 82% with male mentors and 89% with no mentor (p <
0.01) [21]. Furthermore, intentions to pursue advanced degrees remained stable among
women with female mentors (p = 0.81), but declined significantly among those with male
or no mentors (p = 0.001, p = 0.003). PEOs also bolstered persistence; for example, SWE
improved women’s confidence, while SHPE expanded Latinx students’ career knowledge
[73]. Similarly, students with ADHD reported increased persistence intentions follow-
ing participation in specialized research [34]. While fostering “narrative agency” helped
participants persist with greater purpose [70], persistence remains an ongoing process.
Despite gaining agency, one participant notably struggled to view her undergraduate
career as a “success story of persistence” (p. 207), underscoring the complexity of per-
sonal narrative construction.

In summary, inclusive engineering interventions significantly influence undergradu-
ate students’ development by focusing on three outcomes. First, interventions cultivate
Community Cultural Wealth (CCW) by transforming students’ diverse backgrounds
into professional assets, fostering six forms of capital: navigational, social, aspirational,
familial, resistance, and linguistic. Second, interventions foster an Inclusive Engineer-
ing Identity (IEI) by heightening students’ awareness of systemic barriers and inequi-
ties in the field. Third, interventions directly improve Belonging, Professional Identity,
and Persistence Intentions (BIP). Specific examples of impact include the critical role of
identity-based Professional Engineering Organizations (PEOs) in enhancing belonging
and career knowledge, and the strong relationship between gender-matched mentorship
and student retention.

4 Discussion

4.1 Methodological trends

The reviewed literature employed diverse approaches (qualitative, quantitative, and
mixed methods) and collected data through surveys, interviews, journaling, and records.
Qualitative studies offered rich context but were mostly cross-sectional, hindering
claims about long-term effects (e.g., [70]). Quantitative studies relied heavily on Likert
surveys with few time points, making it difficult to isolate intervention effects. Mixed
methods provided the most robust perspectives.

Major methodological limits included inconsistent measurement, which prevented
trend identification across studies. The simultaneous implementation of multiple strat-
egies confounded outcome attribution. Rigorous experimental and quasi-experimental
designs were rare among the 40 included studies; only a small subset employed control
or comparison groups [11, 21, 29, 85], and these typically featured small samples. The
majority of studies relied on pre/post survey designs without comparison conditions,
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qualitative case studies, or cross-sectional methods — approaches that limit causal infer-
ence. This methodological gap directly informs our call for future research that employs
more rigorous designs and larger, more representative samples.

Demographically, the literature primarily focused on women (22 studies) and URM
students (20 studies). Fewer studies examined specific populations: Latinx (5), Black (4),
neurodiverse (3), disabled (3), low socioeconomic status (3), LGBTQ+ (2), Indigenous
(2), and Native Hawaiian (1) students. Engagement with intersectional identities was
minimal, and implementation details varied significantly.

Of the 40 included studies, only two measured actual retention behaviorally [21, 36].
The remainder relied on self-reported persistence intentions, belonging scores, or iden-
tity measures — proxies that, while theoretically linked to retention, do not confirm
whether students remained enrolled. This distinction reinforces our recommendation

for longitudinal designs that track students across multiple time points.

4.2 Utilizing multiple inclusive curriculum interventions

Facilitators often employ multiple inclusive curricula simultaneously, with the most
prevalent being fostering personal connections, employing inclusive pedagogies, and
cultivating collective responsibility due to their broad impact and feasibility. Research
shows that inclusive pedagogical methods (e.g., PBL, UDL) have successfully improved
Belonging, Identity, and Persistence (BIP) and cultivated Community Cultural Wealth
(CCW) among neurodiverse, women, and URM students [34, 67]. However, these
methods were used less frequently to address systemic marginalization or to foster
Inclusive Engineering Identity (IEI). Conversely, establishing personal connections was
highly effective in fostering IEI and improving BIP across demographic groups, includ-
ing Black, Latinx, and students with disabilities [17, 64]. Similarly, cultivating collective
responsibility primarily targeted creating IEI [17, 62], though it was less frequently used
to improve BIP or CCW. These strategies often complemented one another: pedagogy
facilitated personal connections [17], and personal connections frequently co-occurred
with collective responsibility when material raised DEI awareness [50].

Viewed through Wenger’s [87] Communities of Practice framework, this pattern is
theoretically coherent. Interventions that create opportunities for legitimate peripheral
participation (e.g., mentorship, collaborative design, PEO engagement) are those that
most directly support identity development and belonging, because they provide struc-
tured pathways into the engineering community rather than simply increasing aware-
ness of its demographics.

4.3 Awareness and acceptance without action

Although students demonstrated increased DEI awareness and acceptance, they fre-
quently failed to translate this knowledge into practice unless explicitly encouraged to
connect projects to their communities [10, 50]. This disconnect fuels a self-perpetuating
cycle: the lack of representation in design deters marginalized students, while non-mar-
ginalized students remain unaware of the inequities [5, 79]. Breaking this cycle requires
educators to move beyond isolated interventions. To ensure that future engineers view
DEI as a professional necessity, inclusive curricula must be prioritized and integrated
longitudinally across the undergraduate and graduate experience.
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Several theoretical frameworks help explain this disconnect between cognitive aware-
ness (knowing that inequities exist) and behavioral transformation (taking action to
remedy them). These are distinct mechanisms, and the reviewed literature suggests that
inclusive interventions are considerably more effective at producing the former than the
latter. First, attitude-behavior inconsistency is well documented in social psychology:
positive attitudes toward equity do not automatically lead to behavioral change with-
out structural prompts or explicit accountability mechanisms. Second, moral licens-
ing theory suggests that completing a DEI module or expressing awareness may itself
function as a form of moral credit, paradoxically reducing the motivation to act further.
Third, identity-protective cognition may account for the defensive reactions observed
among non-marginalized students [17] acknowledging systemic inequity threatens the
meritocratic self-concept prevalent in engineering culture [72], prompting resistance
rather than engagement. Together, these frameworks suggest that closing the awareness-
to-practice gap requires pedagogical designs that explicitly bridge reflection and action,
build accountability structures, and challenge the ideological assumptions undergirding

engineering identity itself.

4.4 Polarization, activism, and marginalized student well-being

The data reveal a complex tension regarding student engagement with social justice:
while students are often willing to confront blatant discrimination, they remain hesi-
tant to acknowledge or address systemic sexism, ableism, and racism [5, 17, 50, 61]. In
some instances, students reacted with reluctance or even offense when asked to critically
examine marginalization within engineering.

This resistance creates a hostile environment for those pursuing social equity. Students
advancing community interests faced negative feedback that directly harmed their well-
being [10]. Additionally, participants feared judgment from researchers regarding their
upbringing and culture [70]. These findings underscore the heavy emotional toll of activ-
ism on marginalized students and highlight the critical need for inclusive engineering
identities across the entire student body, preventing the burden of challenging systemic
inequity from falling solely on those most affected.

CRT provides a theoretical lens for understanding why non-marginalized students
selectively engage with equity content, embracing it when it affirms their sense of fair-
ness, but resisting it when it challenges their complicity in systemic inequities [44]. This
same dynamic helps explain why marginalized students disproportionately bear the bur-
den of advocacy. They must develop the capacity to recognize and push back against
systemic inequities while navigating the emotional burden this work imposes in environ-

ments that are frequently resistant to such critique [90].

4.5 Operationalizing inclusion through pedagogy vs. curriculum

A critical insight from this review is the distinction between ‘inclusive curriculum’ as
a formalized document of topics and ‘inclusive pedagogy’ as the delivery of that con-
tent. Many successful interventions identified in this study (e.g., student choice in proj-
ects, peer-led team learning) are not unique to engineering education, nor are they
always explicitly labeled as ‘diversity’ initiatives. However, their application in this con-
text serves a distinct purpose: mitigating the specific ‘chilly climate’ of engineering. By
shifting the focus from what is taught (e.g., Calculus concepts) to how it is taught (e.g.,



Heller et al. Discover Education (2026) 5:353 Page 16 of 20

emphasizing growth mindset or collaborative problem-solving), instructors effectively
created an ‘inclusive curriculum’ through pedagogical intervention. This suggests that
engineering educators need not rewrite their entire syllabi to foster inclusion; rather,
they can strategically integrate inclusive modules and instructional choices that can sig-
nificantly affect students’ belonging and identity.

This distinction also has implications for how outcomes are theorized. If belonging
is understood through Tinto’s (1987) institutional integration model, then pedagogical
interventions may be insufficient on their own, because integration requires sustained
structural engagement across the full undergraduate experience, not just within a single
course. Conversely, psychological belonging interventions [84] may produce meaning-
ful short-term gains in students’ sense of fit without necessarily changing the structural
conditions that generated that sense of non-belonging in the first place. Collectively,
these frameworks suggest that while inclusive pedagogy is an important starting point,
meaningful and lasting change requires corresponding reform at the institutional level.

4.6 Limitations and future research

This study is constrained by the demographic composition of the engineering field,
which limits the available literature on inclusive undergraduate education and restricts
the generalizability of findings to historically underrepresented populations. Interpret-
ing long-term trends is further complicated by the difficulty of isolating discrete vari-
ables within complex educational environments. The authors additionally acknowledge
that the scope of their own positionality and experiences may limit the depth and diver-
sity of perspectives captured.

These limitations reflect the broader challenge of applying theoretical frameworks
like CCW and Communities of Practice in contexts where the research designs were
not originally built to test them. To address these limitations, future research should
employ larger, more representative samples and longitudinal designs with multiple data
collection points to better establish intervention efficacy over time. Mixed-methods
approaches and validated survey instruments would strengthen both contextual richness
and methodological rigor. Researchers are also encouraged to document implementa-
tion processes and feasibility considerations in sufficient detail to support the dissemina-
tion and replication of effective inclusive curricula.

Future inquiry in undergraduate engineering education should examine whether the
pedagogical approaches identified in this review similarly promote cognitive flexibility
and transdisciplinary thinking, as recent work in biology education has begun to dem-
onstrate [38, 39, 40]. Moreover, while this review found interdisciplinary thinking to be
a promising outcome of liberative curricula, future studies might productively explore
biomimetic projects and transdisciplinary design frameworks as novel pathways for
advancing inclusive engineering education.

5 Conclusion

This literature review demonstrates that inclusive undergraduate engineering curricula
are powerful tools for cultivating community cultural wealth, fostering inclusive engi-
neering identities, and improving persistence among historically underserved students.
Our analysis of 40 studies reveals that interventions ranging from identity-based men-
torship to socially relevant design projects can significantly bolster students’ sense of
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belonging and professional identity. However, a critical gap remains: while students are
increasingly aware of systemic inequities, they often lack the opportunities or support
to translate this awareness into equitable engineering practice. This disconnect, exac-
erbated by a polarized political climate, risks perpetuating a cycle of exclusion where
marginalized students bear the burden of advocacy alone. Therefore, we conclude that
for inclusive curricula to be truly transformative, they must move beyond isolated inter-
ventions and be integrated as a core, longitudinal component of engineering education.
Future research must support this shift by employing rigorous, mixed-methods designs
to map the long-term impact of these curricula on both student success and the culture
of the engineering profession.
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